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(57)Abstract: 

PURPOSE: To provide the structure of a semiconductor 
device and its manufacturing method whereby the 
increase of the resistivity of its gate electrode can be 
suppressed, and as a result, the bridging phenomena 
generated between its gate electrode and its source- 
drain region can be suppressed. 
CONSTITUTION: A gate electrode 1 13a of a 
semiconductor device comprises a polycrystal silicon 
film 103a and a titanium silicide film 108aa T and the 
contacting width of both films 103a f 108aa is larger than 
the gate length of the semiconductor device. Further, 
the spacer of the semiconductor device comprises an 
silicon oxide film spacer 1 14a whose upper end is lower 
than the top surface of the gate electrode 1 1 3a and a 
silicon nitride film spacer 1 15a whose upper end is 
higher than the top surface of the gate electrode 1 1 3a. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The gate oxide prepared in the front face of the silicon substrate of one conductivity 
type, The gate electrode which consists of the 1st titanium silicide film prepared in the front 
face of the polycrystalline silicon film pattern of the predetermined conductivity type formed on 
the front face of this silicon substrate through this gate oxide, and this polycrystalline silicon film 
pattern. It has the source drain field which consists of an insulator layer spacer formed in the 
side face of this gate electrode, and the 2nd titanium silicide film which prepared in the front 
face of this silicon substrate, and was prepared in the front face of the diffusion layer of a 
****** reverse conductivity type, and this diffusion layer except directly under [ this / insulator 
layer spacer ], The semiconductor device by which the upper limit of a ******** an d said 
insulator layer spacer combines that it is higher than the top face of said gate electrode, and die 
length which contacts along the direction of gate length of said gate electrode of said 
polycrystalline silicon film pattern and said 1st titanium silicide film is characterized from this 
gate length. 

[Claim 2] The semiconductor device according to claim 1 characterized by having at least the 
1st insulator layer spacer which said insulator layer spacer covers the front face of said gate 
oxide directly, covers the side face of said polycrystalline silicon film directly, and has upper limit 
lower than the top face of said gate electrode, and the 2nd insulator layer spacer in which it has 
upper limit higher than the top face of said gate electrode, and this gate electrode was prepared 
on the side face through said 1st insulator layer spacer. 

[Claim 3] The semiconductor device according to claim 2 characterized by for said 1st insulator 
layer spacer consisting of silicon oxide film, and said 2nd insulator layer spacer consisting of a 
silicon nitride film. 

[Claim 4] The semiconductor device according to claim 1 with which the top face of said 
polycrystalline silicon film pattern is characterized by having a crevice parallel to the gate width 
direction of said gate electrode. 

[Claim 5] The semiconductor device according to claim 4 characterized by said insulator layer 
spacer consisting of silicon oxide film. 

[Claim 6] Gate oxide is formed in the necessary field of the front face of the silicon substrate of 
one conductivity type. The process which forms in the whole surface the polycrystalline silicon 
film which has the 1st thickness with a predetermined conductivity type, and forms the 
polycrystalline silicon film pattern which carries out patterning of this polycrystalline silicon film, 
and has desired width of face, The process which carries out sequential formation of the silicon 
oxide film and silicon nitride insulator layer which have the 2nd and 3rd thickness on the whole 
surface, respectively, The process which performs the 1 st etchback by anisotropic etching 
alternatively to said silicon nitride film, and forms a silicon nitride film spacer in the side face of 
said polycrystalline silicon film pattern through said silicon oxide film, The 2nd etchback by 
anisotropic etching is alternatively performed in said silicon oxide film list to said gate oxide. The 
process which forms in the side face of said polycrystalline silicon film pattern the silicon oxide 
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film spacer which has predetermined height lower than said 1st thickness, By the ion 
implantation which used said polycrystalline silicon film pattern, said silicon oxide film spacer, and 
said silicon nitride film spacer as the mask By the process which forms the diffusion layer of a 
reverse conductivity type in the front face of said silicon substrate, and sputtering The 1st 
titanium silicide film and the 2nd titanium silicide film are formed in the front face of said 
polycrystalline silicon film pattern, and the front face of said diffusion layer, respectively by the 
process which forms in the whole surface the titanium film which has the 4th thickness, and heat 
treatment this titanium film unreacted at least — alternative — removing — this — the 1 st 
titanium silicide film — and — this — the manufacture approach of the semiconductor device 
characterized by having the process which saves the 2nd titanium silicide film. 
[Claim 7] The manufacture approach of a semiconductor device according to claim 6 that said 
4th thickness is characterized by being thinner than said 2nd thickness. 

[Claim 8] After forming said titanium film by KORIMETORI sputtering and forming the titanium 
nitride film which has the 5th thickness on the front face of this titanium film by plasma nitriding, 
said heat treatment is performed in an argon or a helium ambient atmosphere, The manufacture 
approach of a semiconductor device according to claim 6 that the sum of said 1st thickness and 
said 2nd thickness combines that it is larger than the sum of said predetermined height and said 
4th thickness, and the difference of this 4th thickness and said 5th thickness is larger than the 
difference of this 1 st thickness and this predetermined height, and is characterized by it. 
[Claim 9] Gate oxide is formed in the necessary field of the front face of the silicon substrate of 
one conductivity type. The polycrystalline silicon film which has the 1st thickness with a 
predetermined conductivity type, and the 1st silicon oxide film which has desired thickness are 
formed in the whole surface, this — the 1st silicon oxide film and this polycrystalline silicon film 

— patterning — carrying out — this — the 1 st silicon oxide film being laid and with the process 
which forms the polycrystalline silicon film pattern which has desired width of face It carries out 
to the 2nd silicon oxide film and said 1 st silicon oxide film list alternatively to said gate oxide, the 
1 st etchback form in the whole surface the 2nd silicon oxide film which has the 2nd thickness, 
and according to anisotropic etching — this — it has the 3rd thickness on the front face of said 
polycrystalline silicon film pattern — this — the 1st silicon oxide film being saved and with the 
process which forms a silicon oxide film spacer in the side face of this polycrystalline silicon film 
pattern Form in the whole surface the silicon nitride film which has the 4th thickness, and the 
2nd etchback by anisotropic etching is alternatively performed to this silicon nitride film. The 
process which forms a silicon nitride film spacer in the side face of said polycrystalline silicon 
film pattern through said silicon oxide film spacer, By the ion implantation which used said 
polycrystalline silicon film pattern, said 1st silicon oxide film, and said silicon oxide film spacer as 
the mask at least The process which forms the diffusion layer of a reverse conductivity type in 
the front face of said silicon substrate, and anisotropic etching perform the 3rd etchback in said 
1st silicon oxide film list alternatively to said silicon oxide film spacer, this — the 1st silicon 
oxide film being removed and by the process which makes this silicon oxide film spacer 
predetermined height lower than said 1st thickness, and sputtering The 1st titanium silicide film 
and the 2nd titanium silicide film are formed in the front face of said polycrystalline silicon film 
pattern, and the front face of said diffusion layer, respectively by the process which forms in the 
whole surface the titanium film which has the 5th thickness, and heat treatment, this titanium 
film unreacted at least — alternative — removing — this — the 1st titanium silicide film — and 

— this — the manufacture approach of the semiconductor device characterized by having the 
process which saves the 2nd titanium silicide film. 

[Claim 10] The manufacture approach of a semiconductor device according to claim 9 that said 
5th thickness is characterized by being thinner than said 3rd thickness. 

[Claim 1 1] After forming said titanium film by KORIMETORI sputtering and forming the titanium 
nitride film which has the 6th thickness on the front face of this titanium film by plasma nitriding, 
said heat treatment is performed in an argon or a helium ambient atmosphere, The manufacture 
approach of a semiconductor device according to claim 9 that the sum of said 1st thickness and 
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said 3rd thickness combines that it is larger than the sum of said predetermined height and said 
5th thickness, and the difference of this 5th thickness and said 6th thickness is larger than the 
difference of this 1 st thickness and this predetermined height, and is characterized by it. 
[Claim 1 2] Gate oxide is formed in the necessary field of the front face of the silicon substrate 
of one conductivity type. The process which forms in the whole surface the polycrystalline 
silicon film which has the 1st thickness with a predetermined conductivity type, and forms the 
polycrystalline silicon film pattern which carries out patterning of this polycrystalline silicon film, 
and has desired width of face, The process which carries out sequential formation of the 1 st 
silicon oxide film which has the 2nd, 3rd, and 4th thickness on the whole surface, respectively, a 
silicon nitride insulator layer, and the 2nd silicon oxide film, Carry out to said 3rd silicon oxide 
film until the front face of said silicon nitride film exposes the 1 st etchback by anisotropic 
etching, and said the 1st silicon oxide film and this silicon nitride film are minded, the side face of 
said polycrystalline silicon film pattern — this — with the process which forms the 1st silicon 
oxide film spacer which consists of the 2nd silicon oxide film The process which performs the 
2nd etchback by anisotropic etching alternatively to said silicon nitride film, and forms a silicon 
nitride film spacer in the side face of said polycrystalline silicon film pattern through said 1st 
silicon oxide film, 
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LThis document has been translated by computer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the semiconductor device which 
comes to contain the MOS transistor which has the Salicide structure, and its manufacture 
approach about a semiconductor device and its manufacture approach. 
[0002] 

[Description of the Prior Art] In the semiconductor device which comes to contain an MOS 
transistor, high integration of a semiconductor device and improvement in the speed have mainly 
been made by contraction of the thickness of the gate dielectric film of an MOS transistor, 
channel length, channel width, the width of face of a diffusion layer, a wiring pitch (wiring width of 
face and wiring spacing), etc. If a certain device is not given with these contraction, parasitism 
resistance etc. will increase and trouble will be caused to improvement in the speed of a 
semiconductor device. Improvement in the speed has been coped with by making layer 
resistance of a gate electrode low until the design Ruhr turns into the submicron design Ruhr. 
The polycide structure which consists of a cascade screen of the polycrystalline silicon film (for 
example, N type) and the refractory metal silicide film was adopted as the structure of the gate 
electrode in this phase. As refractory metal silicide film, the tungsten silicide film or the 
molybdenum silicide film has mainly been used. In addition, if the point of the lowness of layer 
resistance is noted, the gate electrode of polycide structure using the titanium silicide film will 
be very desirable. Nevertheless, practical use was not presented with the gate electrode of 
polycide structure using the titanium silicide film. Etching workability [ as opposed to the 
cascade screen of the titanium silicide film and the polycrystalline silicon film in this ] (dry 
etching) is because it is very difficult. 

[0003] If the design Ruhr turns into the submicron design Ruhr, achievement of improvement in 
the speed of the above-mentioned semiconductor device will become difficult only by making 
layer resistance of a gate electrode low. This is because the height of the layer resistance 
between a contact hole (source drain field where wiring is connected), and a channel field 
becomes the main inhibition factor of improvement in the speed, consequently reduction of 
parasitism resistance of a source drain field is becoming important. The MOS transistor of the 
Salicide structure where the refractory metal silicide film was formed in the front face of the 
polycrystalline silicon film pattern which forms a gate electrode, and the front face of the 
diffusion layer which makes a source drain field in self align as a cure of this is put in practical 
use. As refractory metal silicide film used for this, the titanium silicide film is main and 
examination of the cobalt silicide film, the nickel silicide film, etc. is reported to others. 
[0004] The summary of the formation approach of an MOS transistor, the Salicide structure, for 
example, the N channel mold, using the titanium silicide film, is as follows. 

[0005] Field oxide and gate oxide are formed in the front face of the silicon substrate of P type 
by the oxidizing [ thermally ] method. The polycrystalline silicon film of N type is formed in the 
whole surface, patterning of this is carried out and a polycrystalline silicon film pattern is formed. 
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The silicon oxide film is formed in the whole surface of vapor growth, etchback of this film is 
carried out by anisotropic etching, and a silicon oxide film spacer is formed in the side face of a 
polycrystalline silicon film pattern. Generally, the height of this silicon oxide film spacer is equal 
to the thickness of a polycrystalline silicon film pattern. The diffusion layer of N type is formed 
of the ion implantation which used these polycrystalline silicon film pattern and the silicon oxide 
film spacer as the mask. When the width of face (equal to the thickness of the above-mentioned 
silicon oxide film in general) of a silicon oxide film spacer is wide, in advance of formation of this 
silicon oxide film spacer (the above-mentioned silicon oxide film), the diffusion layer of low- 
concentration N type may be formed of the ion implantation which used the polycrystalline 
silicon film pattern as the mask. The titanium film is formed in the whole surface of sputtering, 
and the 1st and 2nd titanium silicide film is formed in the front face of a polycrystalline silicon 
film pattern, and the front face of a diffusion layer respectively in self align of lamp annealing in a 
nitrogen (N2) ambient atmosphere. At this time, the titanium nitride film is formed in the front 
face of the titanium film, and the titanium film of the part which contacted the silicon oxide 
(ideally) film spacer directly is saved, while it has been unreacted. Etching removal of the 
unreacted titanium film and the unreacted titanium nitride film is alternatively carried out with 
hydrogen-peroxide (H2 02) water (ammonia (NH4 OH) may be added). Thereby, the above- 
mentioned MOS transistor is completed. Furthermore, formation of an interlayer insulation film, 
formation of a contact hole, and formation of metal wiring are performed. 
[0006] The reason the titanium silicide film is used abundantly is just in above-mentioned 
etching workability. It is not necessarily easy to save this refractory metal silicide film and to 
remove the unreacted refractory metal film alternatively by other refractory metal silicide film. 
The range of the temperature of the above-mentioned lamp annealing is 600 degrees C - 900 
degrees C. When the temperature of lamp annealing is low, the structure of the titanium silicide 
film obtained is C49 structure which is a high resistance phase. The structure of the titanium 
silicide film obtained to it when the temperature of lamp annealing is high is C54 structure which 
is a low resistance phase. The resistivity of the titanium silicide film of C54 structure is 1 Smicro 
ohm-cm extent. 

[0007] The design Ruhr was arrived at in improvement in the speed by the MOS transistor of the 
above-mentioned structure (Salicide structure using the titanium silicide film) up to the half 
micron design Ruhr (gate length is 0.5 micrometers). For example, the phase transition 
temperature on short ******** and the appearance from C49 to C54 of the titanium silicide film 
rises [ gate length ] as reported to the 38th volume, No. 2, and 262 pages - 269 pages in IEEE- 
transactions-ON-electron-Debye Shizu (IEEE TRANSACTIONS ON ELECTRON DEVICES) 1991. 
Furthermore, the titanium silicide film of C54 structure causes condensation by heat treatment, 
and the resistivity on appearance rises. This condensation is the function of heat treatment 
temperature and heat treatment time amount. It becomes difficult to obtain the gate electrode of 
low resistance from these things in 0.35-micrometer design Ruhr, for example. 
[0008] The policy to which gate length does not need to raise the resistivity of the titanium 
silicide film of C54 structure by the short paddle case, either is reported to the 1 98th volume 
and 53 pages - 66 pages in Singh-solid-FIRUMUSU (Thin Solid Films) 1991. ******** 
explanation of the explanation of the contents of this report is given at this invention person's 
supplementary examination. 

[0009] if d rawin g 1 7 which is the typical sectional view of a semiconductor device is referred to 
— the above-mentioned report — a basis — the MOS transistor of the N channel mold of the 
Salicide structure which the ****** this invention person formed is as follows. Gate oxide 302 of 
about 8nm of thickness and field oxide (not shown), and the N type diffusion layer 306 with a 
depth [ of junction ] of about 0.1 5 micrometers are formed in the front face of the P type silicon 
substrate 301. On the front face of the P type silicon substrate 301, the gate electrode 313 is 
formed through gate oxide 302. This gate electrode 313 is constituted from the cascade screen 
of polycrystalline silicon film pattern 303a of N type with a width of face (= gate length) of about 
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350nm f and titanium silicide film 308a of about 80nm of thickness by about 360nm thickness. The 
silicon oxide film spacer 314 with a height of about 250nm is formed in the side face of this gate 
electrode 313 by width of face of about 150nm. Titanium silicide film 308b of about 80nm of 
thickness is prepared in the front face of the N type diffusion layer 306 in self align at the silicon 
oxide film spacer 314. The source drain field 316 consists of these N type diffusion layer 306 and 
titanium silicide film 308b. 

[0010] In the phase before the titanium silicide film 308a and 308b is formed, the thickness of a 
polycrystalline silicon film pattern is about 400nm, and the thickness of the titanium film is about 
100nm. In this phase, the upper limit (height) of the silicon oxide film spacer 314 is lower about 
150nm than the top face (thickness) of this polycrystalline silicon film pattern. The die length 
which this titanium film and this polycrystalline silicon film contact in the direction of channel 
length is about 650nm, and is long enough compared with gate length (350nm). Lamp annealing in 
nitrogen-gas-atmosphere mind is performed for 30 seconds at 650 degrees C, and is performed 
for 10 seconds at 850 more degrees C. Thus, the titanium silicide film 308a and 308b formed of 
this lamp annealing serves as C54 structure from a certain thing, and, as for these resistivity, 0.5 
micrometers or more of contact length of the titanium film in the direction of channel length and 
the polycrystalline silicon film become about 1 Smicro ohm-cm extent 
[0011] 

[Problem(s) to be Solved by the Invention] As mentioned above, the rise of the resistivity of the 
titanium silicide film can be controlled by the policy of the above-mentioned report However, by 
this policy, the fault called a bridging phenomenon is uncancelable. 

[0012] Although the cause is not certain in case lamp annealing of the titanium film is carried out 
by nitrogen-gas-atmosphere mind if drawing 18 which is the typical sectional view of a 
semiconductor device is referred to, titanium silicide film 308c is locally formed in the front face 
of the silicon oxide film spacer 314. this titanium silicide film 308c — the leak pass between 
titanium silicide film 308a (gate electrode 313) and titanium silicide film 308b (source drain field 
316) — becoming — increase of the leakage current between these — a short circuit will be 
produced further. Leakage current increases between that titanium silicide film 308c exists in 
the front face of the silicon oxide film spacer 314 locally in this way, and the gate electrode 313 
and the source drain field 316, and a bridging phenomenon is a phenomenon which named 
generically the thing which a short circuit arises and **, and to become. The magnitude of this 
leakage current and the degree of generating of a short circuit are in inverse proportion to 
spacing of titanium silicide film 308a and titanium silicide film 308b along the front face of the 
silicon oxide film spacer 314. For this reason, if this policy is used, a bridging phenomenon will 
become remarkable from the usual case. 

[0013] Therefore, the purpose of this invention is in the MOS transistor of the Salicide structure 
by the titanium silicide film to offer the semiconductor device which controls or inhibits a 
bridging phenomenon, without raising the resistivity of this titanium silicide film, and its 
manufacture approach. 
[0014] 

[Means for Solving the Problem] The description of the semiconductor device of this invention is 
prepared in the front face of the silicon substrate of one conductivity type. ****** gate oxide, 
The gate electrode which consists of the 1st titanium silicide film prepared in the front face of 
the polycrystalline silicon film pattern of the predetermined conductivity type formed on the 
front face of a silicon substrate through this gate oxide, and this polycrystalline silicon film 
pattern, It has the source drain field which consists of an insulator layer spacer formed in the 
side face of a gate electrode, and the 2nd titanium silicide film which prepared in the front face 
of a silicon substrate and was prepared in the front face of the diffusion layer of a ****** 
reverse conductivity type, and the diffusion layer except directly under [ insulator layer spacer ], 
The upper limit of a ******** and the above-mentioned insulator layer spacer has the die length 
which contacts along the direction of gate length of the above-mentioned gate electrode of the 
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above-mentioned polycrystalline silicon film pattern and the titanium silicide film of the above 
1st from gate length in it being higher than the top face of the above-mentioned gate electrode. 
[001 5] Preferably, the above-mentioned insulator layer spacer covers the front face of the 
above-mentioned gate oxide directly, and covers directly the side face of the above-mentioned 
polycrystalline silicon film, and it has at least the 1st insulator layer spacer which has upper limit 
lower than the top face of the above-mentioned gate electrode, and the 2nd insulator layer 
spacer in which it has upper limit higher than the top face of the above-mentioned gate 
electrode, and the gate electrode was prepared on the side face through the insulator layer 
spacer of the above 1st. Furthermore, the insulator layer spacer of the above 1st consists of 
silicon oxide film, and the insulator layer spacer of the above 2nd consists of a silicon nitride film. 

[0016] The top face of the above-mentioned polycrystalline silicon film pattern has a crevice 
parallel to the gate width direction of the above-mentioned gate electrode still more preferably. 
Furthermore, the above-mentioned insulator layer spacer consists of silicon oxide film. 
[0017] The 1st mode of the manufacture approach of the semiconductor device of this invention 
Gate oxide is formed in the necessary field of the front face of the silicon substrate of one 
conductivity type. The process which forms in the whole surface the polycrystalline silicon film 
which has the 1 st thickness with a predetermined conductivity type, and forms the 
polycrystalline silicon film pattern which carries out patterning of this polycrystalline silicon film, 
and has desired width of face, The process which carries out sequential formation of the silicon 
oxide film and silicon nitride insulator layer which have the 2nd and 3rd thickness on the whole 
surface, respectively, The process which performs the 1st etchback by anisotropic etching 
alternatively to the above-mentioned silicon nitride film, and forms a silicon nitride film spacer in 
the side face of the above-mentioned polycrystalline silicon film pattern through the above- 
mentioned silicon oxide film, The 2nd etchback by anisotropic etching is alternatively performed 
in the above-mentioned silicon oxide film list to the above-mentioned gate oxide. The process 
which forms in the side face of the above-mentioned polycrystalline silicon film pattern the 
silicon oxide film spacer which has predetermined height lower than the 1st thickness of the 
above, By the ion implantation which used the above-mentioned polycrystalline silicon film 
pattern, the above-mentioned silicon oxide film spacer, and the above-mentioned silicon nitride 
film spacer as the mask By the process which forms the diffusion layer of a reverse conductivity 
type in the front face of the above-mentioned silicon substrate, and sputtering The 1 st titanium 
silicide film and the 2nd titanium silicide film are formed in the front face of the above-mentioned 
polycrystalline silicon film pattern, and the front face of the above-mentioned diffusion layer, 
respectively by the process which forms in the whole surface the titanium film which has the 4th 
thickness, and heat treatment. It has the process which removes the unreacted titanium film 
alternatively at least, and saves this 1st titanium silicide film and this 2nd titanium silicide film. 
[0018] Preferably, the 4th thickness of the above is thinner than the 2nd thickness of the above. 

[0019] Still more preferably, the above-mentioned titanium film is formed by KORIMETORI 
sputtering, and after forming the titanium nitride film which has the 5th thickness on the front 
face of this titanium film by plasma nitriding, the above-mentioned heat treatment is performed 
in an argon or a helium ambient atmosphere. Furthermore, the sum of the 1 st thickness of the 
above and the 2nd thickness of the above is larger than the sum of the above-mentioned 
predetermined height and the 4th thickness of the above, and the difference of this 4th 
thickness and the 5th thickness of the above has it. [ larger than the difference of this 1st 
thickness and predetermined height ] 

[0020] The 2nd mode of the manufacture approach of the semiconductor device of this invention 
Gate oxide is formed in the necessary field of the front face of the silicon substrate of one 
conductivity type. The polycrystalline silicon film which has the 1 st thickness with a 
predetermined conductivity type, and the 1st silicon oxide film which has desired thickness are 
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formed in the whole surface. The process which forms the polycrystalline silicon film pattern 
which patterning of this the 1st silicon oxide film and this polycrystalline silicon film is carried 
out, and this 1st silicon oxide film is laid, and has desired width of face, Form in the whole 
surface the 2nd silicon oxide film which has the 2nd thickness, and the 1st etchback by 
anisotropic etching is alternatively performed in this 2nd silicon oxide film and the silicon oxide 
film list of the above 1 st to the above-mentioned gate oxide. The process which saves the 1 st 
[ this ] silicon oxide film which has the 3rd thickness on the front face of the above-mentioned 
polycrystalline silicon film pattern, and forms a silicon oxide film spacer in the side face of this 
polycrystalline silicon film pattern, Form in the whole surface the silicon nitride film which has 
the 4th thickness, and the 2nd etchback by anisotropic etching is alternatively performed to the 
above-mentioned silicon nitride film. The process which forms a silicon nitride film spacer in the 
side face of the above-mentioned polycrystalline silicon film pattern through the above- 
mentioned silicon oxide film spacer, By the ion implantation which used the above-mentioned 
polycrystalline silicon film pattern, the silicon oxide film of the above 1 st, and the above- 
mentioned silicon oxide film spacer as the mask at least The process which forms the diffusion 
layer of a reverse conductivity type in the front face of the above-mentioned silicon substrate, 
and the 3rd etchback by anisotropic etching are alternatively performed in the silicon oxide film 
list of the above 1 st to the above-mentioned silicon oxide film spacer. By the process which 
removes this 1st silicon oxide film and makes this silicon oxide film spacer predetermined height 
lower than the 1st thickness of the above, and sputtering The 1st titanium silicide film and the 
2nd titanium silicide film are formed in the front face of the above-mentioned polycrystalline 
silicon film pattern, and the front face of the above-mentioned diffusion layer, respectively by 
the process which forms in the whole surface the titanium film which has the 5th thickness, and 
heat treatment. It has the process which removes this unreacted titanium film alternatively at 
least, and saves this 1st titanium silicide film and this 2nd titanium silicide film. 
[0021] Preferably, the 5th thickness of the above is thinner than the 3rd thickness of the above. 
[0022] Still more preferably, the above-mentioned titanium film is formed by KORIMETORI 
sputtering, and after forming the titanium nitride film which has the 6th thickness on the front 
face of this titanium film by plasma nitriding, the above-mentioned heat treatment is performed 
in an argon or a helium ambient atmosphere. Furthermore, the sum of the 1st thickness of the 
above and the 3rd thickness of the above is larger than the sum of the above-mentioned 
predetermined height and the 5th thickness of the above, and the difference of this 5th 
thickness and the 6th thickness of the above is larger than the difference of this 1st thickness 
and this predetermined height. 

[0023] The 3rd mode of the manufacture approach of the semiconductor device of this invention 
Gate oxide is formed in the necessary field of the front face of the silicon substrate of one 
conductivity type. The process which forms in the whole surface the polycrystalline silicon film 
which has the 1 st thickness with a predetermined conductivity type, and forms the 
polycrystalline silicon film pattern which carries out patterning of this polycrystalline silicon film, 
and has desired width of face, The process which carries out sequential formation of the 1st 
silicon oxide film which has the 2nd, 3rd, and 4th thickness on the whole surface, respectively, a 
silicon nitride insulator layer, and the 2nd silicon oxide film, It carries out to the silicon oxide film 
of the above 3rd until the front face of the above-mentioned silicon nitride film exposes the 1 st 
etchback by anisotropic etching. The process which forms in the side face of the above- 
mentioned polycrystalline silicon film pattern the 1 st silicon oxide film spacer which consists of 
this 2nd silicon oxide film through the silicon oxide film and this silicon nitride film of the above 
1st, The process which performs the 2nd etchback by anisotropic etching alternatively to the 
above-mentioned silicon nitride film, and forms a silicon nitride film spacer in the side face of the 
above-mentioned polycrystalline silicon film pattern through the silicon oxide film of the above 
1st, The 3rd etchback by anisotropic etching is alternatively performed in the silicon oxide film 
list of the above 1 st to the silicon oxide film spacer of the above 2nd. The process which forms 



http:// www4.ipdljpo.go.jp/ cgi-bin/tran_web_cgi_ejje 



2004/04/09 



6/21 ^— v 



in the side face of the above-mentioned polycrystalline silicon film pattern the 2nd silicon oxide 
film spacer which consists of the 1st [ this ] silicon oxide film which has the 1st height lower 
than the 1 st thickness of the above, and makes the height of this 2nd silicon oxide film spacer 
low in the 2nd height, By the ion implantation which used the above-mentioned polycrystalline 
silicon film pattern, the silicon oxide film spacer of the above 2nd, the above-mentioned silicon 
nitride film spacer, and the silicon oxide film spacer of the above 1st as the mask By the process 
which forms the diffusion layer of a reverse conductivity type in the front face of the above- 
mentioned silicon substrate, and sputtering The 1st titanium silicide film and the 2nd titanium 
silicide film are formed in the front face of the above-mentioned polycrystalline silicon film 
pattern, and the front face of the above-mentioned diffusion layer, respectively by the process 
which forms in the whole surface the titanium film which has the 5th thickness, and heat 
treatment. It has the process which removes this unreacted titanium film alternatively at least, 
and saves this 1st titanium silicide film and this 2nd titanium silicide film. 

[0024] Preferably, the 5th thickness of the above is thinner than the 2nd thickness of the above. 

[0025] Still more preferably, the above-mentioned titanium film is formed by KORIMETORI 
sputtering, and after forming the titanium nitride film which has the 6th thickness on the front 
face of this titanium film by plasma nitriding, the above-mentioned heat treatment is performed 
in an argon or a helium ambient atmosphere. Furthermore, the sum of the 1 st thickness of the 
above and the 2nd thickness of the above is larger than the sum of the 1st height of the above, 
and the 5th thickness of the above, and the difference of this 5th thickness and the 6th 
thickness of the above is larger than the difference of this 1st thickness and this 1st height. 
[0026] The 4th mode of the manufacture approach of the semiconductor device of this invention 
Gate oxide is formed in the necessary field of the front face of the silicon substrate of one 
conductivity type. The process which forms in the whole surface the polycrystalline silicon film 
which has thickness necessary with a predetermined conductivity type, and forms the 
polycrystalline silicon film pattern which carries out patterning of this polycrystalline silicon film, 
and has desired width of face, Form in the whole surface the 1 st silicon oxide film which has the 
1st thickness, and the 1st etchback by anisotropic etching is alternatively performed in this 1st 
silicon oxide film list to the above-mentioned gate oxide. The process which forms a silicon oxide 
film spacer in the side face of the above-mentioned polycrystalline silicon film pattern, The 
process which forms the 2nd silicon oxide film and the 3rd silicon oxide film in the front face of 
the above-mentioned polycrystalline silicon film pattern, and the front face of the above- 
mentioned silicon substrate by thermal oxidation, respectively, and makes the 2nd thickness 
thickness of this polycrystalline silicon film pattern, The process which performs the 2nd 
etchback to this photoresist film until it forms the photoresist film in the whole surface and the 
silicon oxide film of the above 2nd is exposed at least, Use the above-mentioned photoresist film 
as a mask, and the high anisotropic etching of the selectivity over the silicon oxide film performs 
the 3rd etchback to the silicon oxide film of the above 2nd. The above-mentioned silicon oxide 
film spacer is carried out to the process at which the front face of the above-mentioned 
polycrystalline silicon film pattern is exposed at least at a mask. The process which performs the 
4th etchback by anisotropic etching alternatively to the above-mentioned polycrystalline silicon 
film pattern, and makes this polycrystalline silicon film pattern thin at the 3rd thickness, Form in 
the whole surface the silicon nitride film which has the 4th thickness, and the 5th etchback by 
anisotropic etching is alternatively performed to this silicon nitride film. By the process which 
forms a silicon nitride film spacer in the side face of the above-mentioned silicon oxide film 
spacer, and the ion implantation which used the above-mentioned polycrystalline silicon film 
pattern and the above-mentioned silicon oxide film spacer as the mask at least The above- 
mentioned silicon nitride film spacer is carried out to the process which forms the diffusion layer 
of a reverse conductivity type in the front face of the above-mentioned silicon substrate at a 
mask. The process which performs the 6th etchback by anisotropic etching alternatively to the 
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above-mentioned polycrystalline silicon film pattern, and forms in the front face of this 
polycrystalline silicon film pattern the crevice which has the desired depth, The 7th etchback by 
anisotropic etching removes the above-mentioned silicon nitride film spacer. The 8th etchback 
by anisotropic etching is alternatively performed in the silicon oxide film list of the above 3rd to 
the above-mentioned silicon oxide film spacer. By the process which removes this 3rd silicon 
oxide film, is made to expose the front face of the above-mentioned diffusion layer, and makes 
this silicon oxide film spacer predetermined height, and sputtering The process which forms in 
the whole surface the titanium film which has the 5th thickness thinner than the difference of 
the above-mentioned predetermined height and the 3rd thickness of the above, The 1 st titanium 
silicide film and the 2nd titanium silicide film are formed in the front face of the above-mentioned 
polycrystalline silicon film pattern, and the front face of the above-mentioned diffusion layer by 
heat treatment, respectively. It has the process which removes this unreacted titanium film 
alternatively at least, and saves this 1 st titanium silicide film and this 2nd titanium silicide film. 
[0027] Preferably, the above-mentioned titanium film is formed by KORIMETORI sputtering, and 
after forming the titanium nitride film which has the 6th thickness on the front face of this 
titanium film by plasma nitriding, the above-mentioned heat treatment is performed in an argon 
or a helium ambient atmosphere. 
[0028] 

[Example] Next, this invention is explained with reference to a drawing. 

[0029] First, the structure of the semiconductor device by the 1st example of this invention is 
explained. 

[0030] If drawin g 1 which is the typical sectional view of a semiconductor device is referred to, 
the 1 st example of this invention is the MOS transistor of the N channel mold of the Salicide 
structure which comes to contain the titanium silicide film, and is as follows. 
[0031] Gate oxide 102 of about 8nm of thickness and field oxide (not shown), and N type 
diffusion layer 106a with a depth [ of junction ] of about 0.15 micrometers are prepared in the 
front face of the P type silicon substrate 101. On the front face of the P type silicon substrate 
101, gate electrode 113a is prepared through gate oxide 102. This gate electrode 113a is 
constituted from the cascade screen with titanium silicide film 108aa of about 80nm of wrap 
thickness by about 260nm thickness (height) in the top face of polycrystalline silicon film pattern 
103a of N type with a width of face (= gate length) of about 350nm, and this polycrystalline 
silicon film pattern 103a. The insulator layer spacer of the laminated structure whose distance 
across vee is about 1 80nm is formed in the side face of this gate electrode 1 1 3a. 
[0032] This insulator layer spacer consists of silicon oxide film spacer 1 14a which is the 1st 
insulator layer spacer, and silicon nitride film spacer 1 15a which is the 2nd insulator layer spacer. 
Nothing and the thickness of this of the cross-section configuration of silicon oxide film spacer 
1 14a are about 100nm about a L character mold, and the height of this is about 200nm. The base 
of this silicon oxide film spacer 114a covers gate oxide 102 directly. A part of side face of this 
silicon oxide film spacer 1 14a (gate electrode 1 13a side) covers directly the side face of 
polycrystalline silicon film pattern 1 03a (to height of about 1 60nm). A part of part (from upper 
limit up to about 40nm) of** of the side face of this silicon oxide film spacer 114a and upper 
limit (width of face of about 40nm) are covered with titanium silicide film 108aa. The width of 
face and the height of silicon nitride film spacer 1 15a are about 80nm and about 300nm, 
respectively. The base of silicon nitride film spacer 115a contacts the above-mentioned silicon 
oxide film spacer 1 14a directly, a part of side face of this silicon nitride film spacer 1 15a (gate 
electrode 1 13a side) contacts the above-mentioned silicon oxide film spacer 114a directly (to 
height of about 1 0Onm), and this side face does not touch gate electrode 1 1 3a directly. The 
upper limit of silicon nitride film spacer 1 15a is in a location higher about 60nm than the location 
of the top face of gate electrode 1 1 3a. 

[0033] Titanium silicide film 108ab of about 80nm of thickness is prepared in the front face of N 
type diffusion layer 106a in self align at silicon oxide film spacer 1 14a. These N type diffusion 
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layer 106a and titanium silicide film 108ab to source drain field 116a is constituted. The MOS 
transistor of this example which consists of these gate oxide 102, gate electrode 113a, silicon 
oxide film spacer 1 14a, silicon nitride film spacer 1 15a, and source drain field 1 16a is covered 
with the interlayer insulation film 1 10. The contact hole which reaches source drain field 116a 
etc. is prepared in this interlayer insulation film 1 10, and the metal wiring 1 1 1 is connected to 
source drain field 1 1 6a etc. through these contact hole. 

[0034] In the phase before titanium silicide film (which mentions detail about manufacture 
approach later) 108aa, and 108ab are formed in the semiconductor device of the 1st example of 
the above, the thickness of a polycrystalline silicon film pattern is about 300nm, and the 
thickness of the titanium film is about 100nm. In this phase, the upper limit (height) of silicon 
oxide film spacer 114a is lower about 100nm than the top face (thickness) of this polycrystalline 
silicon film pattern. Consequently, the die length which this titanium film and this polycrystalline 
silicon film contact in the direction of channel length is set to about 550nm, and is long enough 
like the MOS transistor of ****** structure Singh-solid-FIRUMUSU (ThinSolid Films) 1991 at 
the 198th volume and a 53 pages - 66 pages report compared with gate length (350nm). Lamp 
annealing in nitrogen-gas-atmosphere mind is performed for 30 seconds at 650 degrees C, and is 
performed for 1 0 seconds at 850 more degrees C. Thus, 0.5 micrometers or more, the die length 
of the titanium film in the direction of channel length and the polycrystalline silicon film which 
contacts serves as C54 structure, without condensing titanium silicide film 108aa formed of this 
lamp annealing, and 108ab from a certain thing, and serves as titanium silicide film of resistivity 
with low about 1 5micro ohm-cm extent. 

[0035] furthermore, in the semiconductor device of the 1 st example of the above Since it has 
the insulator layer spacer of the above-mentioned structure which consists of silicon oxide film 
spacer 1 14a and silicon nitride film spacer 1 15a, Spacing of titanium (a part of gate electrode 
1 1 3a is made) silicide film 1 08aa along the front face of the insulator layer spacer of this 
laminated structure and titanium (a part of source drain field 1 16a is made) silicide film 108ab It 
becomes possible theoretically to make it larger than spacing of the gate electrode which met 
the above-mentioned report on the front face of the insulator layer spacer in the MOS transistor 
of ****** Salicide structure, and a source drain field. Furthermore, it becomes easy to make it 
larger than spacing of the gate electrode along the front face of the insulator layer spacer in the 
MOS transistor of the usual (the thickness of a gate electrode and the height of an insulator 
layer spacer are equal in general) Salicide structure and a source drain field. So, even if it 
compares the semiconductor device of this example with the MOS transistor of the usual (a 
matter of course if it contrasts with the above-mentioned report at the MOS transistor of 
****** Salicide structure) Salicide structure, control (namely, reduction of the leakage current 
between a gate electrode and a source drain field, control of generating of a short circuit) of a 
bridging phenomenon becomes easy. 

[0036] In addition, although the 1st example of the above is related with the MOS transistor of 
an N channel mold, this example is applicable to the MOS transistor of a P channel mold, and a 
CMOS transistor pan also at a BiCMOS transistor. In the case of the MOS transistor of a P 
channel mold, the **** N type which the conductivity type of the polycrystalline silicon film 
pattern which constitutes some gate electrodes P Has according to the purpose is adopted. 
Moreover, although the 1st insulator layer spacer consists of oxidation SHIRIKO film and the 2nd 
insulator layer spacer consists of a silicon nitride film in the 1st example of the above, it is not 
limited to this, the 1 st insulator layer spacer may consist of nitriding SHIRIKO film, and the 2nd 
insulator layer spacer may consist of silicon oxide film. 

[0037] Next, the manufacture approach of the semiconductor device by the 1st example of the 
above is explained. 

[0038] If drawin g 2 and drawing 3 which are the production process and typical sectional view of 
a semiconductor device, and drawin g 1 are referred to collectively, the semiconductor device of 
the 1st example of the above will be formed as follows. 
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[0039] First, field oxide (not shown) is formed in the component isolation region of P type silicon 
substrate 101 front face. The gate oxide 102 which has about 8nm thickness is formed in the 
component formation field of this P type silicon substrate 101 front face by the oxidizing 
[ thermally ] method. After the polycrystalline silicon film of the N type which has the about 
300nm thickness which is the 1 st thickness is formed in the whole surface, patterning of this 
polycrystalline silicon film is carried out, and the polycrystalline silicon pattern 103 which has the 
line breadth (gate length) of about 350nm is formed. Next, silicon nitride film 105a which has the 
about 80nm thickness which is silicon oxide film 104a and the 3rd thickness which have the 
about 100nm thickness which is the 2nd thickness with a CVD method, respectively is formed in 
the whole surface one by one [ drawin g 2 (a)]. 

[0040] Next, etchback (the 1 st etchback) of the above-mentioned silicon nitride film 1 05a is 
carried out by the anisotropic etching which made etching gas trifluoromethane (CHF3) gas and 
6 fluoridation sulfur (SF6) gas, and silicon nitride film spacer 1 15a is formed of it. 6 fluoridation 
sulfur (SF6) gas is added for raising the selectivity of etching of silicon nitride film (as opposed 
to silicon oxide film 104a) 105a. The height of this silicon nitride film spacer 115a is about 300 (in 
general equally [ polycrystalline silicon film pattern 103 ] to thickness)nm [ drawin g 2 (b)]. 
[0041] Next, it is CHF3 because of formation of silicon oxide film spacer 1 14a of a L character 
mold. Anisotropic etching which made etching gas the mixed gas of gas and carbon monoxide 
(CO) gas is performed, and etchback (the 2nd etchback) of silicon oxide film 104a and the gate 
oxide 102 is carried out alternatively, as the etching gas in this case — C (to everything but the 
above CHF3) two F4, C three F6, and C four F8 etc. — the mixed gas of the gas of a 
fluorocarbon system and CO gas can also be used. This etchback is performed with exaggerated 
[ some ], for example, it will be carried out until the upper limit of silicon oxide film spacer 1 14a 
becomes low about 100nm from the top face of the polycrystalline silicon film pattern 103, and 
this silicon oxide film spacer 1 14a will have height of about 200nm which is predetermined height. 
With this etchback, the front face of the necessary part of the P type silicon substrate 101 is 
exposed. Then, N type diffusion layer 106a whose depth of junction is about 0.15 micrometers is 
formed of the ion implantation of the arsenic (As) which used these polycrystalline silicon film 
pattern 103, silicon oxide film spacer 1 14a, and silicon nitride film spacer 1 15a as the mask etc. 
C draw ing 2 (c)]. In addition, after the polycrystalline silicon film pattern 103 is formed, the ion 
implantation of **** (P) low-concentration arsenic also goes may be performed. Further in 
addition, when applying this example to formation of a CMOS transistor, after performing the ion 
implantation of arsenic, and heat pushing and forming the source drain field of the MOS 
transistor of an N channel mold, it is desirable to perform the ion implantation of 2 fluoridation 
boron for formation of the source drain field of the MOS transistor of a P channel mold (BF2). 
[0042] Next, titanium film 107a which has the about 50nm thickness which is the 4th thickness in 
a flat part by sputtering is formed in the whole surface. The thickness of this titanium film 107a 
in the side face (polycrystalline silicon film pattern 103 side reverse side) of silicon nitride film 
spacer 1 15a is about 25nm. Moreover, this titanium film 107a is filled up with the opening of 
silicon nitride film (it can set right above [ silicon oxide film spacer 1 14a ]) spacer 1 15a and the 
polycrystalline silicon film pattern 103. The top face of titanium film 107a of polycrystalline 
silicon film pattern 103 top-face right above is located in a location lower about (=(100nm of 
thickness of silicon oxide film 104a)- (50nm of thickness of titanium film 107a)) 50nm than the 
location of the upper limit of titanium nitride film spacer 115a. The die length (contact width of 
face) of the polycrystalline silicon film pattern 103 of the crosswise (being the direction of gate 
length the direction of channel length) smell lever of the polycrystalline silicon film pattern 103 
and this titanium film 1 07a which contacts is set to about 550nm [ drawing 3 (a)]. 
[0043] Next, lamp annealing for 10 seconds is performed one by one by nitrogen-gas- 
atmosphere mind at lamp annealing for 30 seconds, and 850 degrees C by 650 degrees C. 
Titanium nitride film 109a which has titanium silicide film 108aa, 108ab, and the about 20nm 
thickness which have about 80nm thickness by this heat treatment is formed, the polycrystalline 
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silicon film pattern 103 is changed into polycrystalline silicon film pattern 103a which has the 
thickness which is about 260nm ( and titanium film 107aa is saved. Thereby, gate electrode 113a 
which consists of polycrystalline silicon film pattern 103a and titanium silicide film 108aa, and 
source drain field 1 16a which consists of N type diffusion layer 106a and titanium silicide film 
108ab are formed [ drawin g 3 (b)]. 

[0044] For a certain reason, about 550nm of titanium silicide film 108aa(s) of C54 structure is 
obtained for the contact width of face of the polycrystalline silicon film pattern 103 and titanium 
film 1 07a by the above-mentioned heat treatment. It has contributed to this that the upper limit 
of silicon oxide film spacer 114a is lower than the top face of the polycrystalline silicon film 
pattern 103 greatly. Of this heat treatment, it has a certain probability distribution also on the 
front face of silicon nitride film spacer 1 15a, and the titanium silicide film is locally formed in it. 
However, since the upper limit of silicon nitride film spacer 1 15a is higher than the top face of 
the polycrystalline silicon film pattern 103, effectual spacing of titanium silicide film 108aa along 
the front face of silicon nitride film spacer 1 15a (and silicon oxide film spacer 1 14a) and titanium 
silicide film 108ab becomes large, and a bridging phenomenon is conventionally controlled from_ 
the MOS transistor of structure. Moreover, since the thickness of titanium film 107a is thinner 
than the thickness of silicon oxide film 104a, the upper limit of silicon nitride film spacer 1 15a 
becomes higher than the top face of titanium film 107a of polycrystalline silicon film pattern 103 
right above. The front face of silicon nitride film spacer 1 15a (and silicon oxide film spacer 1 14a) 
which separates titanium silicide film 108aa and titanium silicide film 108ab It will consist of two 
side faces of the side face by the side of gate electrode 1 1 3a, and the side face by the side of 
source drain field 1 1 6a. The probability for the titanium silicide film locally formed in these side 
faces respectively separately to be connected becomes lower than the probability for the 
titanium silicide film locally formed in the same side to be connected. Consequently, in this 
example, more than it extends spacing which only separates titanium silicide film 108aa and 
titanium silicide film 108ab, control of a bridging phenomenon is attained. 
[0045] In addition, the reason for performing 650-degree C lamp annealing is in the following 
point. If 850-degree C lamp annealing is given suddenly, since the rate of reaction of a silicide— 
ized reaction is high, a bridging phenomenon will also become active and the target achievement 
will become difficult. So, low-temperature heat treatment performs a silicide-ized reaction first 
(comparatively), the titanium silicide film of C49 structure is formed, and the titanium silicide film 
of this C49 structure is changed into the titanium silicide film of C54 structure under a low 
(relatively) rate of reaction by hot heat treatment. 

[0046] Next, etching removal of titanium film 107aa and the titanium nitride film 109a is 
alternatively carried out with hydrogen-peroxide (H2 02) water (ammonia (NH4 OH) may be 
added). Thereby, the MOS transistor of this example is completed [ drawing 3 (c)]. Then, an 
interlayer insulation film 1 10 is formed, for example of formation of the TEOSU BPSG film, 
flattening of the front face by mechanical chemical polishing (MCP), etc. After the contact hole 
which reaches source drain field 1 16a etc. is formed in an interlayer insulation film 1 10, the metal 
wiring 111 which consists of aluminum-silicon-copper alloy film which used the titanium film and 
the titanium nitride film as the barrier film is formed [ drawin g 1 ]. 
[0047] In addition The thickness of the thickness of gate oxide 102, the thickness of 
polycrystalline silicon film 103 pattern and line breadth, and a polycrystalline silicon film 103a 
pattern, the thickness of silicon oxide film 104a, the height of silicon oxide film spacer 1 14a and 
distance across vee, the thickness of silicon nitride film 105a, It is related with numeric values, 
such as temperature of the depth of junction of N type diffusion layer 106a, the thickness of 
titanium film 107a, and lamp annealing and time amount, thickness of titanium silicide film 108aa, 
thickness of titanium silicide film 108ab, and thickness of titanium nitride film 109a. It is not 
limited to the numeric value indicated by the 1st example of the above. 

[0048] If drawin g 4 and drawin g 5 which are the typical sectional view of the production process 
of a semiconductor device are referred to, the formation approach of the titanium film etc. is 
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different from the 1st example of the above, and the 2nd example of this invention is as follows. 
[0049] First, gate oxide 102 grade is formed in the front face of the P type silicon substrate 101 
by the same approach as the 1st example of the above. The polycrystalline silicon film pattern 
103 is formed on the front face of this gate oxide 102. On the side face of this polycrystalline 
silicon film pattern (The about 80nm thickness which is the 3rd thickness) Silicon nitride film 
spacer 115b which consists of a silicon nitride film which it has, and silicon oxide (it consists of 
silicon oxide film which has about 100nm thickness which is 2nd thickness, and has height of 
about 250nm which is predetermined height) film spacer 1 14b are formed. N type diffusion layer 
106b is formed. 

[0050] The dimension configuration of N type diffusion layer 106b, silicon oxide film spacer 1 14b, 
and silicon nitride film spacer 1 15b is the same as the dimension configuration of N type 
diffusion layer 106a of the 1st example of the above, silicon oxide film spacer 114a, and silicon 
nitride film spacer 1 1 5a respectively except for the height of silicon oxide film spacer 1 14b. The 
upper limit of silicon nitride film spacer 1 15b is in a location higher about 100nm than the 
location of the top face of the polycrystalline silicon (it has about 300nm thickness which is 1st 
thickness) film pattern 103, and the upper limit of silicon oxide film spacer 1 14b is in a location 
lower about 100nm than the location of the top face of the polycrystalline silicon film pattern 
103. 

[0051] Next, titanium film 107b which has the about 100nm thickness which is the 4th thickness 
in a flat part by KORIMETORI sputtering is formed. The contact width of face of titanium film 
107b and the polycrystalline silicon film pattern 103 is set to about 500nm. The thickness of this 
titanium film 107b in the side face (polycrystalline silicon film pattern 103 side reverse side) of 
silicon nitride film spacer 1 15b is at most about (about [ of the thickness in a flat part ] 1/10) 
10nm. Explanation about a setup of the thickness of this titanium film 107b is performed in 
explanation at degree process [ drawing 4 (a)]. 

[0052] Next, under the temperature of about 350 degrees C, and about 1 3Pa pressure, the 
plasma nitriding of the front face of titanium film 1 07b is carried out by the mixed gas of nitrogen 
(N2) gas and ammonia (NH3) gas, and titanium nitride film 1 1 9b which has the about 20nm 
thickness which is the 5th thickness is formed in a flat part. Moreover, titanium film 1 17b saves 
by this plasma nitriding [ drawin g 4 (b)]. It is desirable that titanium film 107b in the side face of 
silicon nitride film spacer 115b is only the thickness nitrided completely as the 5th thickness. 
Under this condition, if the thickness of titanium nitride film 119b is thinner than the difference 
(the 1st thickness) (+(2nd thickness)- (predetermined height)) of the height of the upper limit of 
silicon nitride film spacer 1 15b, and the upper limit of silicon oxide film spacer 1 14b Titanium film 
1 17b which covered the polycrystalline silicon film pattern 103 and was saved, and titanium film 
1 17b saved by the front face of N type diffusion layer 106b are completely divided by this 
titanium nitride film 1 19b. As for the difference of the 4th thickness and the 5th thickness (equal 
to the thickness of titanium film 1 17b saved into the in general flat part), it is desirable that it is 
larger than the difference of the 1 st thickness and the above-mentioned predetermined height. 
In this case, titanium film 117b which covers and saves the top face of the polycrystalline silicon 
film pattern 103, and titanium film 1 17b which covers and saves the side face (not directly 
covered with silicon oxide film spacer 114a) of the polycrystalline silicon film pattern 103 are not 
divided. 

[0053] Next, lamp annealing for 10 seconds is performed one by one by an argon or the helium 
ambient atmosphere at lamp annealing for 30 seconds, and 850 degrees C by 650 degrees C. 
Titanium silicide film 108ba which has about 80nm thickness, and 108bb are formed, the 
polycrystalline silicon film pattern 103 is changed into polycrystalline silicon film pattern 103b 
which has the thickness which is about 260nm, titanium film 117ba is saved by this heat 
treatment between titanium silicide film 108ba and titanium nitride film 119b, and titanium film 
1 17bb is saved between titanium silicide film 108bb and titanium nitride film 1 19b. Thereby, gate 
electrode 113b which consists of polycrystalline silicon film pattern 103b and titanium silicide 
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film 108ba, and source drain field 1 16b which consists of N type diffusion layer 106b and titanium 
silicide film 108bb are formed [ drawing 4 (c)]. Lamp annealing is performed for avoiding 
formation of the titanium nitride film by this heat treatment in an argon or a helium ambient 
atmosphere. 

[0054] Here, why the above-mentioned lamp annealing is also divided into two steps, and is 
performed is explained. Although only hot lamp annealing will be a thing if its attention is paid 
only to the bridging phenomenon between the gate electrode in one MOS transistor, and a 
source drain field, if the bridging phenomenon between two source drain fields which adjoin 
through field oxide is taken into consideration, two steps of lamp annealing will be desirable as 
mentioned above. 

[0055] Next, silicon nitride film 119b and titanium film 117b, 117ba, and 117bb are removed by 
the same approach as the 1 st example of the above, and the MOS transistor by this example is 
completed [ d rawin g 5 (a)]. Furthermore, an interlayer insulation film 110, a contact hole, and the 
metal wiring 1 1 1 are formed [ drawing 5 (b)]. 

[0056] The 2nd example of the above has the effectiveness which the 1 st example of the above 
has. Furthermore, the bridging phenomenon between the gate electrodes and source drain fields 
which belong to the same MOS transistor unlike the 1st example of the above since formation of 
the titanium film according [ this example ] to KORIMETORI sputtering and formation of the 
titanium nitride film on the titanium film front face in the low temperature by plasma nitriding are 
performed is inhibited nearly completely. 

[0057] In addition The thickness of the polycrystalline silicon film spacer 103 And line breadth, 
the thickness of polycrystalline silicon film spacer 103b, the thickness of silicon oxide film spacer 
1 14b and height, the depth of junction of an N type diffusion layer, the thickness of titanium film 
107b, the temperature of plasma nitriding and a pressure, temperature of lamp annealing And it is 
not the basis limited to the numeric value indicated by the 2nd example of the above about time 
amount, the thickness of 1 1 7d of titanium film, the thickness of titanium nitride film 119b, the 
thickness of titanium silicide film 108ba, the thickness of titanium silicide film 108bb, etc. 
[0058] In addition, although it will not be the 2nd example of the above if formed of KORIME torr 
sputtering instead of the titanium film being the usual sputtering in the 1 st example of the above, 
a bridging phenomenon can be controlled beyond the example of the above 1st. 
[0059] Reference of drawing 6 and drawing 7 which are the typical sectional view of the 
production process of a semiconductor device forms the 3rd example of this invention as 
follows. 

[0060] First, sequential formation of field oxide (not shown) and the gate oxide 102 is carried out 
on the front face of the P type silicon substrate 101. The polycrystalline silicon film of the N 
type which has the about 300nm thickness which is the 1st thickness, and the silicon oxide film 
with which it has about 200nm thickness (the 1st) are formed in the whole surface. The 
polycrystalline silicon film pattern 103 which patterning of these silicon oxide film and the 
polycrystalline silicon film is carried out, has the style in which the silicon oxide film 1 54 was laid, 
and has the line breadth (gate length) of about 350nm is formed. Silicon oxide film 104c in which 
it has the about 100nm thickness which is the 2nd thickness (the 2nd) is formed in the whole 
surface [ drawin g 6 (a)]. 

[0061] Next, CHF3 Anisotropic etching which made the mixed gas of gas and CO gas etching gas 
is performed, etchback (the 1st etchback) of silicon oxide film 104c, the silicon oxide film 154, 
and the gate oxide 102 is carried out alternatively, silicon oxide film 154c which has the about 
100nm thickness which is the 3rd thickness is saved, and silicon oxide film spacer 1 14c which 
has the height which is about 400nm is formed. Silicon nitride film 105c which has the about 
80nm thickness which is the 4th thickness is formed in the whole surface [ drawin g 6 (b)]. 
[0062] Next, etchback (the 2nd etchback) of the above-mentioned silicon nitride film 105c is 
alternatively carried out by the anisotropic etching which made etching gas the mixed gas of 
tetrafluoromethane (CF4) gas, hydrogen (H2) gas, nitrogen (N2) gas, and mono-silane (SiH4) gas, 
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and silicon nitride film spacer 1 15c which has height of about 400nm is formed. Unlike the 1st 
(the 2nd) example of the above, in this example, a setup of the height of silicon nitride film 
spacer 1 15c can be performed, without being specified to the sum of the thickness of the 
polycrystalline silicon film pattern 103, and the thickness of silicon oxide film 104c which 
constitutes silicon oxide film spacer 114c. It sets to this etchback and is SiH4 to etching gas. 
Gas is added for securing the selectivity of etching of silicon nitride film 105c to a silicon 
substrate only to the silicon oxide film. In addition, if the silicon oxide film is again formed in the 
front face of the P type silicon substrate 101 exposed at least after formation (refer to drawing 
6 (b)) of silicon oxide film spacer 1 14c by thermal oxidation etc., it will be CHF3 like the 1st 
example of the above. Gas and SF6 It becomes possible to form a silicon nitride film spacer by 
the anisotropic etching which made gas etching gas. 

[0063] Next, the 3rd etchback is performed on the same conditions as the 1 st etchback of the 
above. Thereby, silicon oxide film 1 54c is removed and the top face of the polycrystalline silicon 
film spacer 103 is exposed. Silicon oxide film spacer 1 14c is set to silicon oxide film spacer 
1 14ca which has height of about 200 (it is predetermined height)nm to coincidence. Then, N type 
diffusion layer 106c whose depth of junction is about 0.15 micrometers is formed of the ion 
implantation of As which used the above-mentioned polycrystalline silicon film spacer 103, 
silicon oxide film spacer 1 14ca, and silicon nitride film spacer 1 1 5c as the mask etc. [ drawin g 6 
(c)]. Formation of this N type diffusion layer 106c may be performed immediately after forming 
silicon nitride film spacer 115c and immediately after forming silicon oxide film spacer 1 14c. In 
this example, since the base of silicon nitride film spacer 1 1 5c touches the front face of the P 
type silicon substrate 1 01 directly, in order to control degradation of the component property by 
impregnation of a hot carrier etc., it is desirable to set up so that the base of this N type 
diffusion layer 106c and silicon nitride film spacer 115c may overlap completely. 
[0064] In addition, after the polycrystalline silicon film pattern 103 is formed, the ion implantation 
of low-concentration arsenic may be performed. Further in addition, when applying this example 
to formation of a CMOS transistor, it is desirable to form the source drain field of the MOS 
transistor of a P channel mold immediately after having formed the source drain field of the MOS 
transistor of an N channel mold immediately after forming silicon oxide film spacer 1 14c, and 
forming silicon nitride film spacer 115c or silicon oxide film spacer 114ca. 

[0065] Next, titanium film 107c which has the about 50nm thickness which is the 5th thickness in 
a flat part like the 1st example of the above is formed in the whole surface of sputtering 
[ drawing 7 (a)]. 

[0066] Then, lamp annealing for 10 seconds is performed one by one by nitrogen-gas- 
atmosphere mind at lamp annealing for 30 seconds, and 850 degrees C by 650 degrees C like the 
1st example of the above. Titanium silicide film 108ca which has about 80nm thickness, 108cb, 
and titanium nitride film 109c which has about 20nm thickness are formed. The polycrystalline 
silicon film pattern 103 is changed into polycrystalline silicon film pattern 103c which has the 
thickness which is about 260nm, and titanium film 107ca is saved. Thereby, gate electrode 113c 
which consists of polycrystalline silicon film pattern 103c and titanium silicide film 108ca, and 
source drain field 1 16c which consists of N type diffusion layer 106c and titanium silicide film 
108cb are formed [ drawing 7 (b)]. 

[0067] Then, like the 1st and 2nd example of the above, etching removal of titanium nitride film 
109c and the titanium film 107ac is carried out alternatively, and an interlayer insulation film 110, 
a contact hole, and the metal wiring 111 are formed [ drawin g 7 (c)]. 

[0068] The 3rd example of the above has the effectiveness which the 1 st example of the above 
has. Moreover, this example is superior to the 1st example of the above to application to a 
CMOS transistor as mentioned above. In addition, it is also possible to apply heat treatment in 
formation of the titanium film adopted in the 2nd example of the above, formation of the titanium 
nitride film on the titanium film front face by plasma nitriding and an argon, or a HERUIMU 
ambient atmosphere to this example. 
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[0069] In addition The line breadth of the polycrystalline silicon film spacer 1 03 And thickness, 
the thickness of polycrystalline silicon film spacer 103c, the thickness of silicon oxide film 104c, 
the thickness of the silicon oxide film 154, the thickness of silicon oxide film 154c, the thickness 
of silicon nitride film 105c, the height of silicon oxide film spacer 1 14c, the depth of junction of N 
type diffusion layer 106c, About the thickness of titanium film 107c, the thickness of titanium 
silicide film 108ca, the thickness of titanium silicide film 108cb, the thickness of the titanium 
nitride film, etc., it is not limited to the numeric value indicated in the 3rd example of the above. 
[0070] If drawin g 8 and drawing 9 which are the typical sectional view of the production process 
of a semiconductor device are referred to, the 4th example of this invention is an application of 
the 2nd example of the above, will be MOS tolan Sister of the N channel mold of the Salicide 
structure with the insulator layer spacer of a three-tiered structure, and will be formed as 
follows. 

[0071] First, gate oxide 102 grade is formed in the front face of the P type silicon substrate 101 
by the same approach as the 1st example of the above, and the polycrystalline silicon film 
pattern 103 which has the thickness of about 300nm and the line breadth (gate length) of about 
350nm which are the 1st thickness is formed on the front face of this gate oxide 102. Next, 
sequential formation of the 1 24d of the silicon oxide film with which it has the about 60nm 
thickness which is 104d of silicon oxide film with which it has the about 70nm thickness which is 
the 2nd thickness (the 1st), 105d of silicon nitride films which have the about 50nm thickness 
which is the 3rd thickness, and the 4th thickness (the 2nd) is carried out by the CVD method on 
the whole surface [ drawing 8 (a)]. 

[0072] Next, CHF3 Etchback (the 1st etchback) of the 124d of the silicon oxide film is 
alternatively carried out by the anisotropic etching which made the mixed gas of gas and CO gas 
etching gas until the top face of 1 05d of silicon nitride films is exposed, and of it, silicon oxide 
film spacer 134d is formed. This silicon oxide film spacer 134d height is almost equal to the 
thickness of the polycrystalline silicon film pattern 103 [ drawing 8 (b)]. 

[0073] Next, CHF3 Gas and SF6 Etchback (the 2nd etchback) of the 105d of the silicon nitride 
films is alternatively carried out by the anisotropic etching which made gas etching gas until the 
top face of 104d of silicon oxide film is exposed, and of it, silicon nitride film spacer 1 15d is 
formed. This silicon nitride film spacer 1 1 5d height is also almost equal to the thickness of the 
polycrystalline silicon film pattern 103. Silicon oxide film spacer 134d upper limit is in a location 
high about 50nm from silicon nitride film spacer 1 1 5d upper limit [ drawing 8 (c)]. 
[0074] Next, it is CHF3 again. Etchback (the 3rd etchback) of 104d [ of silicon oxide film ] and 
silicon oxide film spacer 134d and the gate oxide 102 is alternatively carried out by the 
anisotropic etching which made the mixed gas of gas and CO gas etching gas. With this 
etchback, only height of about 100nm is etched, respectively 104d of silicon oxide film, and 
silicon oxide film spacer 134d, and it is changed into silicon oxide film spacer 1 14d which has 
height of about 270nm which is predetermined height, and silicon oxide film spacer 1 34deca 
which has height of about 200nm, respectively. In this phase, silicon oxide film spacer 1 34deca 
upper limit is in a location lower about 50nm than silicon nitride film spacer 1 15d upper limit. 
Moreover, silicon oxide film spacer 1 14d upper limit is in about 100nm and a location low about 
30nm, respectively from the top face of silicon nitride film spacer 1 1 5d upper limit and the 
polycrystalline silicon film pattern 103. Then, 106d of N type diffusion layers whose depth of 
junction is about 0.15 micrometers for example is formed [ drawing 9 (a)]. 

[0075] Next, the titanium film (not shown) which has the about 80nm thickness which is the 5th 
thickness in a flat part by the same approach as the 2nd example of the above is formed. The 
contact width of face of this titanium film and the polycrystalline silicon film pattern 103 is about 
510nm. Then, 1 19d of titanium nitride film which has the about 20nm thickness which is the 6th 
thickness is formed in the front face of the above-mentioned titanium film of the same plasma 
nitriding as the 2nd example of the above, and 1 1 7d of titanium film is saved. Then, the same 
lamp annealing as the 2nd example of the above is given, and 108deca of titanium silicide film 
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which has the thickness which is about 80nm f and 108db are formed. The polycrystalline silicon 
film pattern 103 is changed into polycrystalline silicon film pattern 103d which has the thickness 
which is about 260nm. 117deca of titanium film is saved between 108deca of titanium silicide 
film, and 1 1 9d of titanium nitride film, and titanium film 117db is saved between titanium silicide 
film 1 08db and 1 1 9d of titanium nitride film. 1 1 6d of source drain fields which serve as 1 1 3d of 
gate electrodes which consist of polycrystalline silicon film pattern 103d and 108deca of titanium 
silicide film from 106d of N type diffusion layers and titanium silicide film 108db by this is formed 
[ drawing 9 (b)]. 

[0076] Then, by the same approaches, such as the 1st example of the above, etching removal of 
1 1 9d of titanium nitride film, 1 1 7d of titanium film, 1 1 7deca, and the 1 1 7db is carried out 
alternatively, and an interlayer insulation film 1 10, a contact hole, and the metal wiring 111 are 
formed [ drawing 9 (c)]. 

[0077] The 4th example of the above has the effectiveness which the 2nd example of the above 
has. Furthermore, on the preceding paragraph story which this example gives the above- 
mentioned lamp annealing although a production process becomes complicated from the 2nd 
example of the above, since 1 1 9d of titanium nitride film for dividing 1 1 7d of wrap titanium film is 
formed [ front face / of 1 1 7d of wrap titanium film, and the 106d of the above-mentioned N type 
diffusion layers ] in a silicon nitride film spacer 1 1 5d side face and a silicon oxide film spacer 
134deca side face in the above-mentioned polycrystalline silicon film pattern 103, this 
fragmentation is ensured. Consequently, suppression of the bridging phenomenon by this example 
is ensured from the 2nd example of the above. In addition, in this example, if formation of the 
titanium film and heat treatment of this titanium film are performed like the 1 st example of the 
above, the semiconductor device which has the same effectiveness as the 1 st example of the 
above will be obtained. 

[0078] In addition The line breadth of the polycrystalline silicon film pattern 103 And the 
thickness of the depth of junction of thickness, polycrystalline silicon film pattern 103d 
thickness, the thickness of 104d of silicon oxide film, the thickness of 105d of silicon nitride 
films, the thickness of 124d of silicon oxide film, silicon oxide film spacer 1 1 4d height, and 106d 
of N type diffusion layers, and the titanium film in a membrane formation time, About the 
thickness of 108deca of titanium silicide film, the thickness of titanium silicide film 108db, the 
thickness of 109d of titanium nitride film, etc., it is not limited to the numeric value indicated in 
the 4th example of the above. 

[0079] In the above 1 st - the 4th example, in order to make contact width of face of a 
polycrystalline silicon film pattern and the titanium film larger than the line breadth (gate length) 
of a polycrystalline silicon film pattern, the laminating insulator layer spacer which comes to 
contain the 1 st insulator layer spacer and the 2nd insulator layer spacer at least was used. Next, 
** for which the insulator layer spacer which consists only of an insulator layer spacer of one 
layer is used is not concerned, either, but the contact width of face of a polycrystalline silicon 
film pattern and the titanium film explains ******** more widely than the line breadth (gate 
length) of a polycrystalline silicon film pattern. 

[0080] Reference of drawing 10 , drawing 1 1 , and drawing 12 which are the typical sectional view 
of the production process of a semiconductor device forms the 5th example of this invention as 
follows. 

[0081] First, field oxide (not shown) is formed in the component isolation region of P type silicon 
substrate 201 front face. The gate oxide 202 which has about 8nm thickness is formed in the 
component formation field of this P type silicon substrate 201 front face by the oxidizing 
[ thermally ] method. After the polycrystalline silicon film of the N type which has about 400nm 
thickness is formed in the whole surface, patterning of this polycrystalline silicon film is carried 
out, and polycrystalline silicon film pattern 203a which has the line breadth (gate length) of about 
350nm is formed. Next, silicon oxide film 204a in which it has the about 100nm thickness which is 
the 1st thickness with a CVD method (the 1st) is formed in the whole surface one by one 
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C drawing 10 (a)]. 

[0082] Next, CHF3 Anisotropic etching which made the mixed gas of gas and CO gas etching gas 
is performed, etchback (the 1st etchback) of silicon oxide film 204a and the gate oxide 202 is 
carried out alternatively, and silicon oxide film spacer 214a which has height of about 400nm is 
formed. It is changed into polycrystalline silicon film pattern 203aa in which thermal oxidation has 
the about 390nm thickness whose above-mentioned polycrystalline silicon film pattern 203a is 
the 2nd thickness more being given. Silicon oxide film 244aa in which it has about 20nm 
thickness (the 2nd) is formed in this front face of polycrystalline silicon film pattern 203aa. 
Silicon oxide film 244ab in which it has about 1 0nm thickness (the 3rd) is formed in the front 
face of the above-mentioned P type silicon substrate 201 on which gate oxide 202 was removed. 
Photoresist film 251a is applied and formed in the whole surface [ drawing 10 (b)]. 
[0083] since it is in protecting the above-mentioned silicon oxide film 244ab from this etchback 
in case the purpose which prepares this photoresist film 251a is the 3rd etchback of a back 
process, the height of the top face of this photoresist film 251a does not call at a location, but is 
made to homogeneity : — if it becomes, this photoresist film 251a does not need to cover the 
front face of silicon oxide film 244aa — this — it comes to be alike In this case, the 2nd 
etchback of degree process can be excluded. However, since it is difficult for the height of the 
top face of this photoresist film 251a not to call at a location, but to make it homogeneity, it will 
be desirable that this photoresist film 251a has covered the front face of silicon oxide film 244aa. 

[0084] Next, CF4 Gas and 02 Anisotropic etching which made mixed gas with gas etching gas is 
performed, etchback (the 2nd etchback) of the above-mentioned photoresist film 251a is 
alternatively carried out until the upper limit of silicon oxide film spacer 214a is exposed at least, 
and photoresist film 251 aa is saved. Then, CHF3 Anisotropic etching which made the mixed gas 
of gas and CO gas etching gas is performed, etchback (the 3rd etchback) of silicon oxide film 
244aa and the silicon oxide film spacer 214a is alternatively carried out until the top face of 
polycrystalline silicon film pattern 203aa is completely exposed, this silicon oxide film 244aa is 
removed completely, and silicon oxide film spacer 214a is changed into silicon oxide film spacer 
214aa which has height of about 380nm. In addition, CF4 Gas and 02 Gas and H2 By the 
anisotropic etching which made mixed gas with gas etching gas Although the method of 
continuing at the etchback of photoresist film 251a, and performing etchback of silicon oxide film 
244aa and silicon oxide film spacer 214a (the 2nd and 3rd etchback being substituted for 1 time 
of etchback) is also considered As mentioned above, since it is difficult not to call the height of 
the top face of photoresist film 251a at a location, but to make it homogeneity, this approach is 
not desirable. 

[0085] Next, dirty BAKUKU (the 4th etchback) of the polycrystalline silicon film pattern 203aa is 
alternatively carried out by the anisotropic etching which made etching gas hydrogen bromide 
(using above-mentioned photoresist film 251 aa and above-mentioned silicon oxide film spacer 
214aa as mask) (HBr) gas, and polycrystalline silicon film pattern 203ab which has the about 
250nm thickness which is the 3rd thickness is saved. The upper limit of silicon oxide film spacer 
214aa is in a location higher about 130nm than this top face of polycrystalline silicon film pattern 
203ab [ drawin g 1 0 (c)]. 

[0086] Next, photoresist film 251 aa is 02. It is removed by ashing by the plasma. The silicon 
nitride film (not shown) which has the about 80nm thickness which is the 4th thickness is formed 
in the whole surface. CF4 Gas and H2 Gas and N2 By the anisotropic etching which made the 
mixed gas of gas and SiH4 gas etching gas Etchback (the 5th etchback) of the above-mentioned 
silicon nitride film is carried out alternatively. Silicon nitride film spacer 215aa which has height 
of about 1 30nm is formed in the near side face of polycrystalline silicon film pattern 203ab of 
silicon oxide film spacer 214aa. Silicon nitride film spacer 215ab which has height of about 380nm 
is formed in the near side face of the reverse of silicon oxide film spacer 214aa [ drawin g 1 1 (a)]. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web.cgi_eije 



2004/04/09 



17/21 v 



[0087] Next, N type diffusion layer 206a whose depth of junction is about 0.15 micrometers is 
formed of the ion implantation of As which used polycrystalline silicon film pattern 203ab, silicon 
oxide film spacer 214aa ( silicon nitride film spacer 215ab, etc. as the mask etc. In addition, 
formation of N type diffusion layer 206a can also be performed immediately after removing 
photoresist film 251 aa. For example, the 4th etchback of the above and the 6th etchback by the 
same approach are performed, and it is changed into polycrystalline silicon film pattern 203ac 
which has a crevice with a depth of about 50nm which the above-mentioned polycrystalline 
silicon film pattern 203ab is parallel to the direction (the direction of channel width) of gate width 
in the center section on top, and is the desired depth [ drawing 1 1 (b)J. 

[0088] In addition, not anisotropic etching but isotropic etching is sufficient as the 6th etchback 
for changing into polycrystalline silicon film 203ac. Further in addition, the 5th etchback is CHF3. 
Gas and SF6 If performed by the anisotropic etching which made gas etching gas, this 6th 
etchback is omissible. In this case, the height of two kinds of silicon nitride film spacers formed 
becomes lower than the height of silicon nitride film spacer 21 5aa and 21 Sab, respectively. In the 
case of which, the front face of N type diffusion layer 206a (or P type silicon substrate 101) is 
protected by silicon oxide film 244ab in the case of such etchback. 

[0089] Next, silicon nitride film spacer 215aa and 215ab are removed by the 5th etchback and 
the 7th etchback which is the same approach. In addition, in this phase, if a polycrystalline silicon 
film pattern is N type in order that silicon oxide film 244ab may save (even when this example is 
applied to the MOS transistor of a P channel mold), heat phosphoric acid can perform removal of 
silicon nitride film spacer 215aa and 21 Sab. then, CHF (the 3rd etchback of the above — the 
same)3 Anisotropic etching which made the mixed gas of gas and CO gas etching gas is 
performed, and etchback (the 8th etchback) of silicon oxide film spacer 214aa and the silicon 
oxide film 244ab is carried out alternatively. Thereby, silicon oxide film spacer 214aa is changed 
into silicon oxide film spacer 214ab which has height of about 370nm which is predetermined 
height, and silicon oxide film 244ab is removed [ drawing 1 1 (c)]. In addition, as for the depth of a 
request of the crevice of the above-mentioned polycrystalline silicon film pattern 203ac, it is 
desirable that it is smaller than the difference of the height of the upper limit of silicon oxide film 
spacer 214ab and the height of the top face of polycrystalline silicon film pattern 203ab 
(polycrystalline silicon film pattern 203ac). 

[0090] Next, titanium film 207a which has the about 50nm thickness which is the 5th thickness in 
a flat part by the same approach as the 1 st example of the above is formed in the whole surface. 
The contact width of face of titanium film 207a and polycrystalline silicon film pattern 203ac is 
about 550nm. (It is the thickness of titanium film 207a) As for the 5th thickness, it is desirable 
that it is thinner than the difference of predetermined (it is the height of the upper limit of silicon 
oxide film spacer 214ab) height and the 3rd (it is height of top face of polycrystalline silicon film 
pattern 203ab (polycrystalline silicon film pattern 203ac)) thickness. On the other hand, the 
desirable relation between the 5th thickness and the depth of a request of the above-mentioned 
crevice is not determined uniquely, and is determined by the width of face of the step hippo 
ridge of titanium film 207a, and this crevice etc. [ drawing 12 (a)]. 

[0091] Then, lamp annealing for 10 seconds is performed one by one by nitrogen-gas- 
atmosphere mind at lamp annealing for 30 seconds, and 850 degrees C by 650 degrees C like the 
1st example of the above. Titanium nitride film 209a which has titanium silicide film 208aa, 208ab, 
and the about 20nm thickness which have about 80nm thickness by this heat treatment is 
formed, polycrystalline silicon film pattern 203ac is changed into polycrystalline silicon film 
pattern 203ad which has about 210nm thickness in a thick part, and titanium film 207aa is saved. 
Thereby, gate electrode 213a which consists of polycrystalline silicon film pattern 203ad and 
titanium silicide film 208aa, and source drain field 216a which consists of N type diffusion layer 
206a and titanium silicide film 208ab are formed [ drawing 12 (b)]. 

[0092] Next, titanium film 207aa and titanium nitride film 209a are H2 02 like the 1st example of 
the above. Etching removal is alternatively carried out bywater (NH4 OH may be added). 
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Thereby, the MOS transistor of this example is completed. Then, an interlayer insulation film 210 
is formed of surface flattening etc., for example by formation of the TEOSU BPSG film, and 
mechanical chemical polishing (MCP). After the contact hole which reaches source drain field 
216a etc. is formed in an interlayer insulation film 210, the metal wiring 21 1 which consists of 
aluminum-silicon-copper alloy film which used the titanium film and the titanium nitride film as 
the barrier film is formed [ drawin g 12 (c)]. 

[0093] The 5th example of the above has the effectiveness which the 1 st example of the above 
has. Moreover, according to this example, unlike the 1 st, 2nd, and 4th examples (it is dependent 
on the thickness of a silicon oxide film spacer which contacts a polycrystalline silicon film 
pattern directly) of the above, to the difference of the height of the upper limit of silicon oxide 
film spacer 214ab, and the top face of polycrystalline silicon film pattern 203ab (polycrystalline 
silicon film pattern 203ac), there is an advantage that the degree of freedom of a setup becomes 
high. Furthermore, this example has the same effectiveness as the 3rd example of the above to 
application to a CMOS transistor. Since the insulator layer spacer consists of only silicon oxide 
film spacers unlike the above 1st - the .4th example, this example is superior to the above 1st - 
the 4th example about degradation of a component property with impregnation of a hot carrier 
etc. further again. 

[0094] In addition The thickness of gate oxide 202, the line breadth of polycrystalline silicon film 
pattern 203a and thickness, the thickness of polycrystalline silicon film pattern 203aa, the 
thickness of polycrystalline silicon film pattern 203ab, the thickness of silicon oxide film 204a, 
the thickness of silicon oxide film 244aa, The thickness of silicon oxide film 244ab, the height of 
silicon oxide film spacer 214ab, the thickness of silicon nitride film spacer 215aa, the thickness 
of silicon nitride film spacer 21 Sab, the depth of the crevice of polycrystalline silicon film pattern 
203ac, the depth of junction of N type diffusion layer 206a, About the temperature of the 
thickness of titanium film 207a, and lamp annealing and time amount, the thickness of titanium 
silicide film 208aa, the thickness of titanium silicide film 208ab, the thickness of titanium nitride 
film 209a, etc., it is not limited to the numeric value indicated in the above-mentioned 5th and an 
above-mentioned example. 

[0095] If drawin g 13 , drawing 14 , and drawing 15 which are the typical sectional view of the 
production process of a semiconductor device are referred to, the formation approach of the 
titanium film etc. is different from the 5th example of the above, and the 6th example of this 
invention is as follows. 

[0096] First, gate oxide 202 grade is formed in the front face of the P type silicon substrate 201 
by the same approach as the 5th example of the above. The polycrystalline silicon film (not 
shown) which has the line breadth (gate length) of about 350nm and the about 400nm film is 
formed in the front face of this gate oxide 202. The silicon oxide film (not shown) with which it 
has the about 180nm thickness which is the 1st thickness (the 1st) is formed in the whole 
surface, etchback (the 1st etchback) of this silicon oxide film and gate oxide 202 is carried out, 
and silicon oxide film spacer 214b which has the height which is about 400nm is formed. By 
furthermore giving thermal oxidation, the above-mentioned polycrystalline silicon film pattern is 
changed into polycrystalline silicon film pattern 203ba which has the 390nm thickness which is 
the 2nd thickness. Silicon oxide film 244ba in which it has thickness (the 2nd) is formed in this 
front face of polycrystalline silicon film pattern 203ba in about 20nm. Silicon oxide film 244ab in 
which it has about 10nm thickness (the 3rd) is formed in the front face of the above-mentioned 
P type silicon substrate 201 on which gate oxide 202 was removed. The ion implantation of As 
which used polycrystalline silicon film pattern 203ba and silicon oxide film spacer 214b as the 
mask etc. is performed, and N type diffusion layer 206b which has the depth of junction of about 
0.15 micrometers is formed in the front face of the P type silicon substrate 201 [ drawing 1 3 (a)]. 

[0097] Next, the photoresist film (not shown) is applied and formed in the whole surface by the 
same approach as the 5th example of the above, etchback (the 2nd etchback) of this photoresist 
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film is carried out, and photoresist film 251 ba saves. Then, etchback (the 3rd etchback) of silicon 
oxide film 244ba and the silicon oxide film spacer 214b is carried out alternatively, the top face 
of polycrystalline silicon film pattern 203ba is exposed, and silicon oxide film spacer 214ba which 
has the height which is about 380nm is saved. Furthermore, etchback (the 4th etchback) of the 
polycrystalline silicon film pattern 203ba is carried out alternatively, and polycrystalline silicon 
film pattern 203bb which has the about 250nm thickness which is the 3rd thickness is saved. 
The upper limit of silicon oxide film spacer 214ba is in a location higher about 130nm than this 
top face of polycrystalline silicon film pattern 203bb [ drawing 13 (b)]. 

[0098] Next, photoresist film 251 ba is 02 by the same approach as the 5th example of the 
above. It is removed by ashing by the plasma. The silicon nitride film (not shown) which has the 
about 50nm thickness which is the 4th thickness is formed in the whole surface. Etchback (the 
5th etchback) of this silicon nitride film is carried out alternatively. Silicon nitride film spacer 
215ba which has height of about 130nm is formed in the near side face of polycrystalline silicon 
film pattern 203bb of silicon oxide film spacer 214ba. Silicon nitride film spacer 215bb which has 
height of about 380nm is formed in the near side face of the reverse of silicon oxide film spacer 
214ba. Furthermore, silicon oxide film spacer 214ba, silicon oxide film 244bb and silicon nitride 
film spacer 215ba, and 215bb are used as a mask, and etchback (the 6th etchback) of the 
above-mentioned polycrystalline silicon film pattern 203bb is carried out alternatively. It is 
changed into polycrystalline silicon film pattern 203bc which has a crevice with a depth of about 
30nm which this polycrystalline silicon film pattern 203bb is parallel to the direction (the 
direction of channel width) of gate width in the center section on top, and is the desired depth 
with this 6th etchback [ drawin g 13 (c)]. 

[0099] Next, silicon nitride film spacer 215ba and 215bb are removed by the 7th etchback like 
the 5th example of the above. In addition, also in this example, in this phase, if a polycrystalline 
silicon film pattern is N type in order that silicon oxide film 244bb may save (even when this 
example is applied to the MOS transistor of a P channel mold), heat phosphoric acid can perform 
removal of silicon nitride film spacer 215ba and 215bb. Then, etchback (the 8th etchback) of 
silicon oxide film spacer 214ba and the silicon oxide film 244ba is carried out alternatively. 
Thereby, silicon oxide film spacer 214ba is changed into silicon oxide film spacer 214bb which 
has height of about 370nm which is predetermined height, and silicon oxide film 244bb is 
removed. Next, titanium film 207b which has the about 70nm thickness which is the 5th 
thickness in a flat part by KORIMETORI sputtering like the 2nd example of the above is formed. 
The contact width of face of titanium film 207b and polycrystalline silicon film pattern 203bc is 
set to about 520nm. The thickness of this titanium film 207b in the side face of silicon oxide film 
spacer 214bb is at most about (about [ of the thickness in a flat part ] 1/10) 7nm. It is desirable 
that the thickness (the 5th thickness) of this titanium film 207b is thinner than the difference (= 
the predetermined height-3rd thickness) of the height of the upper limit of silicon oxide film 
spacer 214bb and the top face of polycrystalline silicon film pattern 203bb (polycrystalline silicon 
film pattern 203bc) [ drawing 14 (a)]. 

[0100] Next, it is N2 under the temperature of about 350 degrees C, and about 13Pa pressure 
like the 2nd example of the above. Gas and NH3 The plasma nitriding of the front face of 
titanium film 207b is carried out by mixed gas with gas, and titanium nitride film 219b which has 
the about 20nm thickness which is the 6th thickness in a flat part is formed. Moreover, titanium 
film 217b saves by this plasma nitriding [ drawing 14 (b)]. As for the thickness (the 5th 
thickness) of the above-mentioned titanium film 207b, from a request called the continuous 
covering nature of the front face of polycrystalline silicon film pattern 203bc by this titanium film 
217b, it is desirable that it is thicker than the sum of the depth of a request of the above- 
mentioned crevice of polycrystalline silicon film pattern 203bc and the thickness (the 6th 
thickness) of titanium nitride film 219b. 

[0101] Next, lamp annealing for 10 seconds is performed one by one by an argon or the helium 
ambient atmosphere at lamp annealing for 30 seconds, and 850 degrees C by 650 degrees C like 
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the 2nd example of the above. Titanium silicide film 208ba which has about 80nm thickness, and 
208bb are formed, it is changed into polycrystalline silicon film pattern 203bd which has the 
thickness whose polycrystalline silicon film pattern 203bc is about 210nm, titanium film 217ba is 
saved by this heat treatment between titanium silicide film 208ba and titanium nitride film 219b, 
and titanium film 217bb is saved between titanium silicide film 208bb and titanium nitride film 
219b. Thereby, gate electrode 213b which consists of polycrystalline silicon film pattern 203bd 
and titanium silicide film 208ba, and source drain field 216b which consists of N type diffusion 
layer 206b and titanium silicide film 208bb are formed [ drawing 14 (c)]. Then, an interlayer 
insulation film 210, a contact hole, and the metal wiring 21 1 are formed by the same approach as 
the 5th example of the above etc. [ drawin g 1 5 ]. 

[0102] The 6th example of the above has the effectiveness which the 5th example of the above 
has. Furthermore, this example has the effectiveness which the 2nd example of the above has. 
[0103] In addition The line breadth of polycrystalline silicon film pattern 203ba And thickness, the 
thickness of polycrystalline silicon film pattern 203ba, the thickness of polycrystalline silicon film 
pattern 203bb, the thickness of silicon oxide film spacer 214b, the thickness of silicon oxide film 
244ba, thickness of silicon oxide film 244bb, height of silicon oxide film spacer 214bb, The 
thickness of silicon nitride film spacer 215ba, the thickness of silicon nitride film spacer 215bb, 
the depth of junction of N type diffusion layer 206b, the depth of the crevice of polycrystalline 
silicon film pattern 203bc, the thickness of titanium film 207b, the temperature of plasma 
nitriding And about the temperature of a pressure and lamp annealing and time amount, the 
thickness of titanium silicide film 208ba, the thickness of titanium silicide film 208bb, the 
thickness of titanium nitride film 219b, etc., it is not limited to the numeric value indicated in the 
above-mentioned 6th and an above-mentioned example. 
[0104] 

[Effect of the Invention] As explained above, the semiconductor device of this invention The 
insulator layer spacer formed in the side face of the source drain field where a silicon substrate, 
gate dielectric film, and a polycrystalline silicon film pattern and the 1 st titanium silicide film 
consist of a gate electrode by which the laminating was carried out, and the 2nd titanium silicide 
film and diffusion layer, and a gate electrode It is the MOS transistor of the Salicide structure 
which it has, and the upper limit of an insulator layer spacer is in a location higher than the top 
face of a gate electrode, It is characterized by a polycrystalline silicon film pattern and the 1st 
titanium silicide film the film in a gate electrode, and contact width of face (contact width of face 
of the polycrystalline silicon film pattern and titanium film in the preceding paragraph story in 
which, as for paraphrase ****, a gate electrode is formed) being wider than gate length. These 
structures are attained by making lower than the top face of a gate electrode the upper limit of 
the 1st insulator layer spacer which contacts the side face of nothing and a gate electrode 
directly in the laminated structure which an insulator layer spacer becomes from the 1st 
insulator layer spacer and the 2nd insulator layer spacer, or establishing a crevice in the center 
section of the polycrystalline silicon film pattern in parallel with the gate width direction. 
[0105] It becomes easy to face to silicide-ize the titanium film for formation of the 1st titanium 
silicide film which makes a gate electrode, and to obtain the 1st titanium silicide film of C54 
structure which is a low resistance phase from the description on the above-mentioned 
structure, and the rise of the resistivity of a gate electrode can control easily. Moreover, it 
becomes easy for the distance which separates the 1 st titanium silicide film which makes a gate 
electrode, and the 2nd titanium silicide film which accomplishes a source drain field from the 
description on the above-mentioned structure to make it longer than the conventional 
semiconductor device by existence of the above-mentioned insulator layer spacer. 
Consequently, it becomes possible to control the bridging phenomenon of increasing leakage 
current, a short circuit, etc. between a gate electrode and a source drain field. 
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[Translation done.] 
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[0 0 19] L< te, 3'J ^ h iJX;^y^U 

MS ^ Oft^±B2»T«0* * ±IE!B 4 COM JP Offi ± 

[0020] imm<D^m^mm<omm^m(om 2 <om 
««. -w«so^y3>stEoaffi<o»fEc)«i«»«:y 

w*r ^> £*£iH ^> y 3 >i ^ msoisff **-r 2>mi<om 

<fct;co^ea^y3»ji^^-->yL. cco^i 
(Dmitry 3 n, ma<o««:*frs^3ies 

40 /»*fir-r*»2o»fb'>y3»ii*jB«u s^ttx^y 

^>m, ±mm 1 onfts/y 3 vKittfte±Ey- 

^->OSffitcm3cDMJ5^W-r^CcO^ 1 oymti/v 
2>RSIL, CO^fSS$/y 3>K/<^ — ^Offljffi 

k:»fb'>y 3VIx^- »*Mt«iSi:, ^®tcm 

4 Oif %f t Sift ^> U 3 Vi*M t , Rtfttxy 
^ > y cfc S fg 2 COX >y ^y ^ *±f ^M\t is "J 3 >M 

so ^^LT±IB^ H s H ^y 3>K/^^ — vofiiM^cSft^ 



(7) 



EfBB¥ 8-3 7 3 0 1 



11 

Jgft^U3VM^#-y f ±ESil<D»fl:5/y=i>BM3 
vf-rty **±EMI 1 OHftS/U a>KMtf»c±ISKft 

o»fks/u=iviii*i»*u confts/U3>«x^- 

x/^y^yv^ic^o. eastern 5 (ommzm-tz** 10 

>k> < * - yoiffife* a ±i Bttiui ogffiic *n?n 
m i ©^vs/yiNr F«*j:tf*2o^*:/5/yiM 

WJc^ltcoS io^»'J^ F«tfe<fctfc<o 
[0 0 2 1 ] b < ±ES 5 <Z»HJ1W±ESS 3 O 
[0 0 2 2] $&tc»*b<«. 3U^h'JX;^*U 

S»Btfl*fT*3o ±fEfglOMJiS£±fE!?!3 0 

IHP fc: <Dft#±Effi£<0*S i: ±fEfH 5 OJg|j¥ t com£ 

(Dm 1 (omm t c comm <om z t <om * o ± # v ^ 

[0 0 2 3] #ISWO¥«f*gB©»ffi>3 ffiOSS 3 OS 

i/^-^Mt§xii:, ^ffitc-en^n^2, si 
3^<fct;a4oiii»** r -r*sioi8fts/y3>«, s 
ftf y 3 v*e»M*5 2 o»{t-> y 3 >m^m^m 

•y * *±raMfcs/ y 3 >ai<D*ffi*«m-r * *t±e» 

3©»ftS/y 3>JRlc»LTfT&l\ ±ES! 1 OSHtv- 
y n vKfe J: c oftft^ V 3 LT±K^*SS 

> y n >«y ^ - >mmic oKf t ^ y ^ 

ft ^ y ^ vm*^ l t±e3«» > y ^ >«/ < * - 

ftx *y V y J: 5 g| 3 Ox *y *v W * ;£±f Eg* i com 

itis y 3 K±i2W 2 os^t^ y xi >j^x^— 9- 

>0{RiJffilc±f2Sg 1 OlgJPcfc!)®^ l OiBS*#-r« 

c 1 <omt-> y ^ »H*^a«s 2 (omit-y y 3 v 
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'J^yg/^-y, ±IB»2©»ftS/y3V«^- 
±IHSft^ y ^ >l»X^— 9-45 cfctf±E8S 1 <D»ffc 

y n 9-* vx * t l 7c * £ 0 , 

xa£> X^^y^y >tflc&*)^ £ffi£8l5<Dj»JSJ&* 

•r s *xafc, !»jtta»c<tD±iE^« 

^•n^n^ 1 y -9-^ FiWBj:tf* 2 v 

<fctfCOlB2<D^>^y-9->f FM^SH-rsxsfc* 

• [ 0 -0-2 4-J ft £ L <• tt, ±B* 5 OiW««±IB« 2 <0 

[0025] ^e>ti:wt L<(i. xry ^ h yx^^y^y 

j»4Ba*fTa^o ^?>^, ±IE!gl<D)lJ?£±!SIf!2cr) 
MP ^ cofo^±f 1 <DM * i: ±E» 5 OH/I i: Oft J: 

o^ 1 (ommtccom 1 oB&sfcoUcfcD**^*, 
[0026] *mi<D¥m&mw<Dmmjife<Dm 4 ogg 

*-rs^ses^y3^iH*JBritU cow^'J^y 

■P<*— v*»*r*xai:, 1 OlWWf 

S«l0Kffc->y3>IS*JBfi)cL, a^ttxy^^^tc 
i:^^ 1 OX7f^7 ^^:C<D^ 1 (OMitisV nyli 
tft±Ey- FBEftMtcJ* LT»WWk:fTa:C\ ±E£ 

as-> y 3 y^/^- xommicfflty y 3 >j^x^- 
■9-*jg«-raxai:. nwift*cj:t)±E*is»^y3> 

•rnm 2 <offi{i:s/ y 3 >^*5 axfm 3 oiEft^ y 3 >i 

«U co Wbv^ 'J n yl7^->£DlI^S 2 

(ommic-rzjimt, ±micy* m/^xfk*jb« 
u / >a<fct>±ES2o»{ts/y3>«^BtB-r** 

cfc 0 ±E» 2 0®{b^> y 3 ^aitc^f LTfg 30x«yf 

/ ^y * #fT&v \ ±E^as ^> y 3 yl/ ^ ^? - ycomm 
zm&z&zjimt. i:fe±EKfts/y3»Kx 

9-^vX^tCLT, SMX7f>^Cj:5S4(D 
X >y ^y 5 * ±E*»Sa > y 3 y ■/ W-yt»LT 

fbS/yn>«*»*U R»ttX7fv^J:4S50 
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x-y^7^c comity u ^ >Mic*t LrmiRmcft 

> y n >I; O - J: ±l2SHb is 'J ^ >§IX^-# 

* vx * ic l >r * >a a ^ J; o , ±ib-> y n >s«o 

'J nvlX^- ##vx*li:LT. S75fttX-y^>^C 
«feSS6©i-y^'^« ±f B^teS > y 3 > * * - 

±IBSit->y 3VIX^- #*Rfc£U H^ttx-y^-v 
yi£ J:^80X7^7^ *±f Bfg 3 <D^{ b ^> 'J n > 
il^aK±ia«ffc^=i.^X^-*fc»LTW?Wfe: 

lo^s^iui^^ <io»fts/y znvj^x-s— #£rm 

±fem 5£<dss* i: ±iaa 3 <omm t <d%£ om^msco 

±E*tta*>y n »s/^^- v^ffi^ct^iBittiJB 20 
(ommic^n^nm i o^^y^-r KBM5<fctf»2 

[0 0 2 7] #£L<ti. nU^hyx/^^'J^i: 

* v/Kogffiicffi 6 <Dmm*^-?z>m<tm >m*&i& 

LfcSL 7;l/=f>feL<tt^y»>A#HSl"e±IBj»jBa 

30 

[0 0 2 8] 

[0 0 2 9] £*T, *SMOmi0^fiS»JtC<kS*»ft 

[0 0 3 0] ¥«^«BO«I^BTffiBIT%dH l 

skits i o^jisiii, w^y^F 

[0031] ps^y^^iigi o logffijctt, if 40 

m (H^f) «-&<Dgg£0. 1 5 /imgjgcDNgJ 

t£»* i 06 at^Ktt&nrv^o PS^ynvstg 
i o i <Dmm±ic^ ?-hmm i o 2^lt, y 
-bin i3a*W6nn^ 0 coy- has i 

1 3 a «\ 2 6 0 n (SS) T3 5 0 nm 

s«©*i (=y-hS) ©Ng©£«fl$/y =i>«/<* * 

->103at, C^Sg B B 0 i/'Ja>I;^-yiO3 
a<D±®£rS?$i»8 0 nmgfi<D*-*>->y#>r KM 
108aa<:oaiI^6aS?nTMo Ccoy-h so 



fUS 1 13a CDOWtCte. &ffi(Om& 1 8 0 n mgiO 

^«iS<Ot63lilHX^--9-*<»»6nTV^o 
[0 0 3 2] CCDimmx^— 9"13\ 9S 1 <D*6»KX^ 
— W&ZmkisV 3>1X^- 9" 1 1 4 ah. ^2 CD 

*mmi*'<— 9-efe§aft->y ^>ix^- 9- 1 1 5 a 
tA^Msntv^o »bs"j 3>ix^ 1 1 4 

aOBrffiflg«ttL^Si*aL, ctlOlUli 1 0 0 nm 
cn^(i2 0 0nmifiT«o CCD 
ft^U3VilX^— 9-1 1 4 aOicffi&y-FBKfcJB 

i o 2*mmcm\<\ c«b>ua>ix^+M 1 

4 a <D (y- KS® 113a CDffiJCD) «S<D— SB ( 1 6 
0 nmgfiOSSSSTO tt*tti^'j3Vi;^->l 

0 3 aOffllffi*ittSlcHt\ CORfb^U =3 VlX^- 
.#.1-1 4 a<D®m(Dm<D$<>ft (±<*ftv6 4 0 nmggl 
TO £±S<D-§I$ (4 0nmlg<Di) fct4^*>->y 
#>f FK 1 0 8 a a fcatotiT^So Sfbt' 'J ^ >J1X 

■^—9- i i 5 a<Dmi3&zmtsi*, ^nfns Onme 

g*5<J;tf3 0 0 nmlStSSo ^fb $/ ! J a >IX^- 
•9" 1 1 5 a<DJgffi«fiS£±8B»fb>'y 3>IX^- 9" 

1 1 4alClHU C<omt->V 3>^X^— 9" 1 1 5 
a O (y— FMI& 113a OfflflO) BfflO- ffi (100 
nmifiOBSSTO «fiS^±fE^fb^ 'J n >IX^ 
-#114 alC»«U (l^lffiiiy-Mil 1 3 a 

^K»tca«sUTi/^i/^o aib^ynvisix^— 9- 1 1 

5aO±fiSli y-Ffiffil 1 3aO±I^){4f<J:0^ 
6 OnmgfiSMffiilCfe^o 

[0 0 3 3] NSffiKJS 1 0 6 acD^ffi*Cfc$\ Hfb^'J 
3>1X^1 1 4at:SBI^N(L, l!8 0nm 
SfiO^ V->y#>r KM 10 8a btfRW-etlTl^ 

s 0 cneNSitMWi i o 6 afecttff-^vs/y^ f 

Ml 0 8 a b*>6, V-X • FW>SS«1 1 6 a 

*$nn^o cney- F»fb« i o 2. y-F«« 

113a, SfbS/y 3>IX^" 9" 1 1 4 a, Sfb^U 
nvix^i 1 5a*3<fctfy— X- KW>««1 
1 6 a*^&S:«*^flfi<WcOMOS F^V^X^tiu SRS 

ffilli i 0te<fcD«frftT^So c^lP^ili i 

Otctey— X- FWya«l 1 6al?tC^-r^n>^ 
^FTLtfRttStU Cti63>*^F?L*^LT^JBiB 

$Si i i^y-x- fu^vsbsei i6a^tcjg^^n 
[0034] ±ibs i (Dmffim<D¥m&mwT*te mm 

Ml 08 a a, 1 0 8 a b^JB««n«SJOSPBT*«. 
^ B H H S/>j3yl;^->(Dliti3 0 0 nmiST^ 
0. ^-^VMOMifti 1 0 0 nmlST'SSo CCO^ 
Tii:, Kfbt/U 3yfX-?- 9* 1 1 4aO±5^ (fii<*) 
«C(D^JSS->y3>|»/^-V(D±ffi (Mff) l 

iaT?c o^-^ >mt c <D&t£w*is y ^ >mt tmmm 
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U (ThinSol id Films) 1991^. 
8I19 8#. 5 3l-6 6l^glClf<ffijg(OMO 

5 h^yiSXZtmmiC y-hl(3 5 0nm) tcirk 

— 6 5 0tt3 0#P^fT^V\ ^f>t:8 50tT* 

$n^f^>^>U^ KIl 08 a a, 108 a b l±M 
M&'flCC 5 4m&£%:9, Ktf 1 5 Q • c mUA<0 10 

[0035] * etc. ±E!B i <o$kMm<D*mw&w-v 

l*. KftS/U3>Kx^— 9-1 1 4 afe^tfSft^Un 
- >/lX^-^. 1.-1-5.^ - 

stereo /c (y-hwsi i 3 a©— aR**-r) 

^U*>f Kill 0 8 a a t (V-X • FW^JSU 1 1 

6 a<£>-gtf£:&-r) ^V^UIM FMl 08ab^£0 
■Mtf* ±E«»ICK-J*< U- "J "9^ K«iOM OSh7 

*w^icwiibc*?>, ^e>t<:> (y- 

KilOMOS F^V^X*JcfettS*6»)KX^— 9-0 

MO S h^V^X^tcWJtLT^IlOC^T^t)) ii 
WJ»>f F«ii<DMO S h^^X^fcit^Tfc. 

x- FU>f>S«fc<OHtci3»SU--^ft8KoffiW, m 

[0 0 3 6] **3, ±vsm 1 (D^mmiz. N^**;i/S 

ttPft*;HOM0Sh7^X*, CM0Sh7> 
v'X^S&lCteB i CMO S h^V^X^lCfciiffl^* 
§0 Pft*;l/®OMOS h7>^X?©«^ y-h 

fc, ±KSI 1 ©fUSSfflTW:, ^1«IX^« 40 

fb^u niii*^ at), m 2 o*e»Kx^— y-jwsfbs' u 

<, Sl©«5»HX-<--^a!fb'>U=i)K^e&D, SI 
2 OWIiX^ilftS/ U 3 >Mfr 6 a o T l >T fe 

[0 0 3 7] ±E* 1 ©*ffi0yK«fc£¥«f*SH 

[0 0 3 8] ^S»»8H<DHiSXSi:«SWBrffiBIT*» 

1 ©^ffi0J<D¥»{*«B«\ «T©<fc -7 icBJ&iEtiZo so 



[0 0 3 9] Sf, pi^ijnySIlOlSIO^ 
So C<DPM>"J 3>g«l 0 1 affiOIR^/SSSSlc 

»fbM 1 0 2 Wfijc^n^o Affile* 1 tOIBffT-*S 3 

0 0 n m8fiOKf*fit« NgaO^ttSS/ U 3 >Jgtf 

nt, 3 5 o n mmm<Dimg (y— hg) ^w-rs^ns 
»->'j3v;w- y i o 3#jBf££ns 0 

nC VD&ICJiD. S2©Ift^§ 1 0 OnmlfiO 
■W*frr*IMbs/U3V«i 0 4 afcSS3<D§WTNfc 
& 8 0 n mSfiO»JP**-r SSib^ U3>Bl 0 5a 
fc*JB^ffi»C«J«*n« [0 2 (a) ] o 
..[-0-0-4 0] ^tc. f'J7;l/*o.^?>. (C H F 3 ) # 
Xfe<fctf6»fbB6li (SFe ) ^X7fV^X^ 

LZ-ca^ttx^^vyjciD, ±IBSfb^Ua»Kl 0 
5atof/W^ (SlOX7f^y« fn, ^fb 
^UnyfX^l 1 5a*^«Sn«o 6#{b«!St 
(SFe ) tfXfcaftrrSflDtt, (ffi{b^U3VKl 0 

4 alC*trS) fiffc^y 0 5 aOXyfy^O 

aS?tt*K*Sfc*"efc5o c <DWkrs U 3 >lx^- 
•9-1 1 5aOBSIJ, (W B *>Uay&^-yi 0 
3 cDHJP £ Mta^ L < ) 30 0nmgfit**S (HI 2 

(b) ] o 

[0041] ^ l ^m<omit-y u n >ix^- 9- 1 

1 4 a <DBrft<Drc#>lC, WitfcfCHFs #X£— mitm 

m (co) #x^(Oii'&/rx«:xy^>y^rxfcLfcS 

SfiX7f>^Wd:t)n, Kfb-> U 3 1 0 4 a*> 

<fetfy-h»{b«i o 2 x-y*^y* (g 2 

<Dx>y^/W^) ^n^o co»-&<ox^^>y^fxi: 

Ittt, (±taCHF 3 ©ffile) Cz F 4 , C 3 Fe , 

C4 Fa ^o^/i/^-n^—^v^o^rx^co^x^o 

I^X^«fflt§c^fet^5o COX7^7 

—9-1 14atDlS»IS H B H >"j3yI^-yi03 
OiW; 0 1 0 0 n migfi< 4§ t TlT%^tl, C<D 
»ffc^>j3VMX^— 9" 1 1 4 al4Bf^OHST*S£2 
0 0 nmm&CDmZ^-t&CtlCteZo u^Xyf^ 
y^lcXO. Pi^'J^ylfil 0 1 O3fgOg|5^c0^ 

->103, ttfbS/U 3>iX^- 9- 1 14a*3j;tfg 
ft3/U3^«X^— 9- 1 1 5 a^vX^tCL/cflt^ (A 

s) ^tyiiAfiao, mtf»^<oH§s#o. 1 

5 /imiS^cDNSffi^S 1 0 6 a^JB«*n« (0 2 

(c) ] o &*5, ^ B V>'jD>I;^-yi 0 3tf« 
««tifc«, «««OBBR«>i^<tt« (P) <7M;*>7i 

s h7^x^©v-x • FW^iHwuifti, 
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Pft*;H<OMO S h^>>?X*<Qy— X • KW> 
®«<0JBfiJcO^:«>O2*fk3Rn> (BF 2 ) <D-f;frv& 

[0 0 4 2] #IC, X^y#'J >^C<fct), 
"eS 4 5 0 n mSfi^KiP^rWr V 

1107 a#£ffifc:»*«*l*o »ft^U 3>IX^- 
*115aO O3 0Hi:fcJ: 

ifiOWtO) ffllMlCfcttSCO^Z/JS 1 0 7 a<Djg|JPte 
2 5nmgl^ 0 Sfc* (Mitf U ^ 9" 

1 l 4 afi±fc::fctt£) ir>U3yl^-^l l 5 10 

0 7 a££D?ttt£ftT^S 0 ^isas^ya 

y&^-V 1 0 3 ±ffiit±T*©?-* >jg 10 7a (D± 
-. ffitt, Sft^*VilX^— 9" 1 1 Sa^liSoeicfcO 
5 0 nmgfi (= (Kfb^U 3>fli 1 0 4 a <DK« 1 0 
Onm) - >JS 10 7a ©If 5 0 n m) ) 

fiffitC&So &f£Sii/y > 1 0 3<D(pl7?ft 

W^>U3yI/^-> 1 0 3fcC(D^*yHl 0 7 
a^^Sttt^fi^ (SttND «\ 5 5 0 nmgft^: 20 

5 [0 3 (a) ] o 

[0 0 4 3] 6 5 0tT3 0W^7>77-- 

<D)Kff*^-r«^^>^y-9--r KM l 0 8 a a, 10 8 
a b £ 2 0 n mggOlf^Wt^H^^>I 1 0 9 
afctfJB«*n. ^fSS^y n>Jgi/^-;y 1 0 3^2 

6 0 n mggOlf ^ § ^ g B B 0 U n > I; ^ ^ y 
1 0 3 a£ffi«<**U ^>I107a a ft 

So CfttCj:t)> ^JtSS^y > 1 0 3 a*5 30 

«tCf^*>S/y*>f VM 10 8a a*^4-5y-na 

1 13at NSffiiWi 1 0 6afcckfff*^>y^ 
KI108a b*6ft4V-X • KU>f 1 6 a 

fctfflMSft* (03 (b) ] o 
[0 0 4 4] ^i/UnVl/^-^ 1 0 3 £^2^ 
Ml 0 7 a 5 5 0 nmSfifeSfc*. ±12 

j&»3k:*»k c 5 4«jto^>'>y*-rKiKi 0 8 

aatfi6ft5 0 C*UC&. »{fc$/y 3^1X^1 
1 4 a^lWWB^'J 1 0 3<D±oi 

J:0fi<4oTt^(:fc^ ^<S^LTMo CCD 40 

M-sic £ o , aft^y n>six-^-^ 1 1 sao^ffi 

Merits ft So L^Lft*^, If^^yix^- 

"9-1 1 5 aWS^gg^'J^&^-yi 0 3<D 
±BBcfct)lSl/^*. miti/V zn/mx**— 9" 1 1 5 a 

Cfe*tfHft^y 3>ix^»t 1 14 a) oaafcjft 

ofc^-^ys/yu-^ FI108aa fc^VS'y 1M K 
IlOSabi: W&IWIBtfJE < a 0 . U£*«ifi<0 

mo s h-^^^x^cttj^y "r^y^stwi^n 

So 0 7 a<DJiiJP^{t'>ynyj^l 50 
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0 4 aOj»»«k9»^Cfcfr&g{L>'y 3VIX^- 9" 

1 1 5a©lJgli^'>'j3yI;^->i0 3lJ: 

<-< KK 1 0 8 a a i:? 1 * >-> l J *9-^ KKl08abt* 
PSTSSfk^y a^iX^- 9- 1 1 5 a CfccktfKftv' 

'j3>«x^u-i i4a) commz. y-hssi 1 

3 affikDfflffifcy— X • FW>ag«l 1 6affllG>fflSfl5 
£^2o<^{lM;fr£&SC£&c&S 0 cft^OiUSlc-^ 

ft^f ftgij* *c^mwtcflgj«* fts^# v 5/ y +m fjbw 
«HRSft*a*«u ra-ffirt-e^Rff^cflgfltSftfc^* 

*HSSCTT'(i:. y-9->T FK 1 0 8 a a 

h^^V^y-9--r KM 10 8a bi:^PSTSr^Pi^/£tf 

sutitu:., xy ^u^^^coffliM^pitgtcaso - 

[0 0 4 5] &*5. 6 5 0TO7^7^ ^fi 1 ^:? 

^ftSc. *r (JtttW) fflflOlMrafc:J:0^y 
•9-^ FffcfiJ5*frft^C 4 9«|Jfio^*yi/yit>r KM 
*JBtfU »fiOj»^Ji:J:t)C<OC4 9«itO^*> 

2/y*>fFai* (*Bi*wtci) ffiv^sisigfiofefcTc 5 

4 ^iBO^-^ vs/ 9 -9-^ FUfcMM- So 

[0 0 4 6] ^Vll 0 7 a a t^it^^^M 

10 9a t*>\ iSKffczfcjR (H2 O2 ) 7K (7V^-7 

(NH 4 OH) #in*SC£:&$>S) £<J:?)Jg«WK:x 

7>^x^^«t§ cm 3 ( c ) ] o m^T, mz-is 

ftXBPSGS« attftMt^BW (MCP) 
£S^ffiO¥iSfcl?tc£9, JIHtMIIR 1 1 OjW&S* 
ftS 0 V— X • FW>®«1 1 6 al¥tc}i-rsr3>^ 

^F?L*™«M»Bll l OKJBrtSftfcSK 

11 c 

[0047] y-F»ft«i 0 2011, ^ B s B 
'>'j3vi 1 0 3'**—><Dmmi5&Tfma. 

'j3>110 3a/^->Olf. Sft^UnVllO 
4 aOMi¥, Afb^y 3>BIX^— 9" 1 1 4 aOBSfc' 
J:t?lSffi<D«, WkS/'Jayil 0 5 aO^jS, NSiffi 
gfeJI 1 0 6 a ^tOSS, ^>Il0 7a ©IHflC, 

1 0 8 a a (Omm, >i/ 9 "9"-Y FS 1 0 8 a b 
J»*5<ttfSft^-*VSBl 0 9 aOSJSSOKffi^BBLT 
±te§g l 0^fi6ffJtcEK*ft/-caffltc:IS^*ft-5fe 

[0 0 4 8] *Wf**BO«5fixao«^:W»ffflHT?* 
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[0049] *-*\ ±fsm i (Dmmmtmmojjmc & 
k>. psi/un>ifii o Kommcr-hmimi o 

23?;SWB«S*u COy-h»fl«l0 2©8ffi±W 

'jJ^i^-U- 115b. (»2<DIWrc** 1 0 0 

5 0 nmaft£>tt£«:£pr3) Hft^'J 

1 1 4 bffMSh, N^ffitWf 10 6 10 

[0 0 5 0] NgjffitWi 1 0 6 b t ffift^U^^KX^ 
—9-114 b**tfaft^y 9" 1 15.b© 

[^v>t, ^n?n±mm i ^tkffiioNisni i o 6 

a, »ft5/y3>«^— 9" 1 1 4 afeitfSft^U^ 
9-1 1 5 aO^tffiJBttfcl^lCTfeSo aft^ 
>Ja>lX^l 1 5bcD±C{* (3§l£>JKJre«3 
3 00nmSjecOMi?^^T-r^) *IS«^U 3>«^* 
— > 1 0 3<D±ffi£){iB<fc 0 1 0 0 n mg&B5V>ffiBfc: 20 

feO, ilt^^yix^i 1 4 bO±flgfci:£*gfi 
^'Jnyi/^-v 1 0 3<D±m<D{tLm£0 1 0 0 nm 

[005 1]:^ nU^h»JX;^y^U>^at), 
¥ffl*W#lC;fc^TS4<DMjrt?fc£ 1 0 0 nmifiO 

mmz^rzmym 1 o 7 b ns*, ^#>§i 

1 0 7 bt^JSa^U^i^lR/^-vi 0 3 £<D&M<m 
tt. 5 00nmSSlca«o fiffcS^U ^ylX^- 9" 1 

15b<D (^IggS'yn^lK/^-V i o 3{RiJhtei£<D 
WO) fflffilCfctt^C 1 0 7 b©IItt»4? so 

1 0 n mmm (Ti^T^IfO 1 / 1 0Sffi) T'3d 

£ 0 ce>**>i» i o 7 b (Dmmommcmt zmw 
a, ^xSTittwaDft^Tfra^ cm 4 (a) ] 0 

[0 0 5 2] 3 5 O^gfiOiSfi, 1 3 P agjg 

£>EE£j<D*>£T% mm (Nz ) iiTstT^'*:— T (NH 
3 ) tfXfc^S^tfXlCcfctK ^^110 7 b(£3t® 

fe§20n mSfi(08iS*^-r SSft^^ >M 1 19b 

1 1 7b^Sin (H4 (b) ] o SSOlWtLT 40 
its fift>"J -9- 1 1 5 bOfllffifcUBl***- 

^>H07 b*^^cS{k*n««frt(DiKJiEr*fesc 
k*«su\ co^ffoti-e, mt=3-z>m \ 1 9 

b<DJRJPtfgflr>y 9* 1 1 5b<D±fi8fc» 

ft'>9n>Kx^— +M 1 4 b^±ffii:cDiS^C>M 
( (ftlOMJP) + (* 2 OK/10 - (ffi5£©SE*) ) 

otsi^tifcf^yi 1 1 7 b tummm 1 0 6 b 

*>m\ I 9btJ:!)^»Br?nSe S4(DMIt so 



20 

7 botmicm^) torn*. m\(ommt±mm^ 

B*r^^^^ail I7bk, 

103O Gttfb^U nvSiX^— -9- 1 1 4 atcjSgtcS 

frnrv^v\) isjfeiotsit^f^vii 1 7 b 

[0 0 5 3] ^C, 6 5 0tt3 0#PI^)7^7-- 

K<£0> 8 0 nmiaoiS^ttSf ^>>"JD--Y K 
Il08ba, 108bb ^JgjSS tl. ^tSS^ U3> 
>-1.0 3.^2.6.0.nmSfiOH/P*W-rs^3tS- 

B B H >"Jnyl/^-> 1 0 3 b^f ft^n, 

it-T KM 1 0 8 b a tmtm>m l l 9 b £<D[Hfc:tt 

1 7 b a^sisn, m>isw><vmi 

0 8 b btmitm^mi 1 9bt(omci**$>mi 
1 7bb«^n§ 0 cntc<fco> ^s^y^yi 

> 1 0 3 bJScfctf^VS/U*^ FI108ba 
^64-5y-Hil 13bt NSHKSWll 06bfe 
ZZfT-ZlsUW-f KflM 10 8b bfr6£:&V— X • K 
U-fZ/ffimi 1 6bktfM?n5 (04 (c))o7 

[0 0 5 4] ±H5>X7 7 ~~;l/£>2fai^C# 

ttTtT^^n^afi%a?^T*3 < 0 1 ocdm osh7> 
:ry y^>#^©*fc»B-r*&&ar. is^7>y 

[0055] JifBig 1 o^38fi»iJi:ra«<D>3iitCck 

0> afkS/y 3>M 1 1 9 b4o£tf^*>$i 117b, 

1 1 7 b a, 117b btfBSStl, *H]SfiWc cfc S M 
0Sh7»'X^^n (15 (a) ] o 

JfHteSljK l 1 0, h 7L*5J:tf ASSESS 1 1 1 

(8 5 (b))o 
[0 0 5 6] ±fE3S 2 Oftftffltt* ±I2fg 1 O^iSStflJO 

/ # y ^ <fc § ^ * >IOffM h y 9 X vgffcfc <fc 

ftfcnsftfe, ±E»io*Mi«fc»ao. [hi-omo 

S h7^X^^SW-MSi:y-X- 

[0 0 5 7] ^43. *te B B B '>'j3>iX^ 1 0 30 
■UP«J:Cfai«. *tSftS/U3>iX^ 1 0 3 b(D 
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J?. y^XvSftOiaSfe^ifff*. ^v77x— ;UD 

IS 1 1 9 bOl», ^*>S/UU->T KM 1 0 8 ba(Ol 
>S/ "JIM KM 108b b©K)PStcR|L 
Ttt. ±iB»2 0*«W»cE«*nfcft«[»c:|Bffi*ti* 

[0 0 5 8] ttJ3, ±I2» 1 0^fifi»J^*5l/>T^*>M 
*Sim©X/W * U Z/?(DRK>\Z^ V * h;l/X/^y * V 10 

[0 0-5 9]. *»«*«o«m:a<o*a»KB5H55* . 
[0 0 6 0] £?\ pa>"J3yisioioili:, 

7^-/1/ KKftM (H^-e-T) . y-HMfclll 0 2tf 
MWB/KSftfco ^ffi^m 1 OMJP"C*S 3 00nmi 
jaOM/P^W*r^N^cO^ 0 s 9 >'Uri>^^ 2 0 0 nm 20 

*IjgtQ§!J¥£:WT£ (» 10) *ft2/y3>MfcaWB« 
£n& 0 cti6<0»ftS/U3>Ml3j:tf^|S»5/ya> 

ft/tgl^WU 3 5 0 nmgJgcOl^ill (^- hg) * 

#-r**te*s/y3VM^*— >i 0 3*wsn5 o 

±[S^ »2©MJPt?*« 1 0 0 n mSffiOMJPfc^fr 
§ (812©) »fb^Un>Ml 0 4 c^JgflcSns IB 
6 (a) ] o 

[0 0 6 1]*:, C H F 3 tfXhCOtfXt<Dm&fi 
X^x^fvWXi: Lit ST^tt x -V ^ > tfffifj at> 30 

Kfb-> y n vi 1 0 4 c , Kft-> u 3 >m 1 5 4 43 

<fctM*--K&{bM l 0 2#a«?Wfc:cv*->W* (Si 
Ox^fy^^) ^tl, S3£>MJST?&S 1 0 0 nmU 

fioMw**-rsKft->y=i>Mi 5 4 ctfSKn, 

4 0 0 n mgfiOiff* **TT Zffltzs V 3 Vl^^-^ 
1 1 4 c^M^n^o S4OlffT'$«8 0nmifi 

OM»*^*rsSfk^Ur3>Ml 0 5 c*^BKJB«S 
tl§ (06 (b) ] o 

[0 0 6 2] f h77/l/tD^^> (C F 4 ) # 

XfczkfR (Hz ) #X£3fR (Nz) fiXttyis^y 40 

(S i H 4 ) #Z£(Dm&UX*^y*>tf1SXtLft 

s^rttx^^>^Cck5, ±Efi{b^ y 3 >m 1 0 5c 

4 0 0 nmi«<0***ttaaffc^U 9" 

i i 5 c^ffM^n^o **aiiM-ett, ±tesi (fg 

2) ©^flSt&lfcHfctK fift'>y 9-1 1 5 

mmtwutt/v 3>ix^i 1 4 c%««-rs«fb 

$/ya>Ml 04 cOM»i:0*P^*ai£*n-rWTa:x. 

£ G cox^^/^^^tc^oi^Tx^^^y^rxtcs i H so 



4 tfxfcgawrrsott, Kfb^y nvitwitoM 

6-T % s/»j3^ifiic»lTOSfl:^'j3Vli o 5 c 

cox^^v^coa«?tt*««-rsfe4i)-efc«o 

ft>";n>l7^1 14c^M (06 (b) # 

j*d shc, '>a<fct>«tBsnfcPS^yr3>s4Si o 

1 ©Slffitc, m«JB*ffc*lfc £ OKfb^y 3>M«rS 
HFa #X*5<fctfSF6 5ffX*x*y^>y;tfX2:L;fcH 

[00633 ^ ±mmi<D^v3~^v2£mv0k& 

y 3 z/m i 5 4 c tu ^isss/ y a >mx^ 
—9- 1 o 3-o±BB«»itt*ti^o mmic^ -Kfb^y n> 

iX^-t 1 1 4 c 14, G^y£<9iS2T*&3) 2 0 0 n 
mSfi<DKS*WfSffifb^y 1 4 c 

atc&^c, i^T % ±IB*tt»^y 3>MX^— 9" 1 0 
3, ffifb^'J 3>MX^— 9-1 1 4 c afeJ:tfSfb^y 

1 1 5 c*^X*fc:i,fcA s(D^*>& 
A^tCcfcD, HAtf«ftOS*#0. 1 5/xmgJgON 

mt&mmi o 6 c*w^n§ (B6 (c)) 0 con 
sffijiwi io6c <Dj&m*. mitis y 3 vix^- 9- 1 
1 5 c *^ric*tifca[*t> l < ttKfb-> y 3 >m!x-<- 

•9-114 c^JB^cSnfciS^clfTaoTfecfcV^ #§*iffi 

WT'tt, SfbS'y nyix^- 9" l 1 5 c <Djgffi*fia& 
CPS>"j3>Sfil 0 lO^ffitcSfttLTl^fcfe. 

*-y K+^yToaA^^cfcs^^so^fb^fflisj-r 

Sfcttfcltt, CCDNSJt^g 1 0 6 ctmti/V 3>I 
X^— * 9- 1 1 5 cOicffifctf^lC:*-— 7«v7t§ 

[0 0 6 4] &*5, W^>U3yl7^-> 1 0 3# 

cdam icmm~rz> mtric & , sfb^yavMx^— 9-1 

1 4 c^ffM^tl/cit^tCN^-V^;l/SOMO S 

yx#oy-x • KU-f>«**JB«u Sfb->y3> 

MX^—9" 1 1 5c^L< (ififbs^ y n yix^-' 9- 1 

1 4 c a tfffM^nfcBt&tC Pft*;l/iOMO S 

>^x*ov— x- Ku>r>ffitt*jg«-r*c^*ws 

[0 0 6 5] ±ES 1 OSIfififlfyi:|p|tttc. 

%lftX ; m5<DmmT*&2> 5 0nmlfiOlf**tSf 
*>Ml0 7c*V X^y^y>^iCcfc*)^H*<:^S 

cm 7 (a) ] o 

[0 0 6 6] ^V^T. ±iefg 1 O^IMiffil&lRiaUC. 6 5 
0tt3 0#f B 1^7>y7x-;^ 8 5 O^T 1 OfMffl 

05>y7x-;l/fc^fijR»H«T*HS^fT«:ton. 8 0 
nmgJgOMj?^-r^5 L ^>>'y*9-'Y KM 10 8c 
a, 1 0 8 c b 2 0 n m8SOl»*tt5g(tf ^ 

»sio9 cfctfflMsn. **sa^y3>M/^-> 
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103^2 6 0 n mSSEOlf %f t§ Wb^'J n> 
I/^-Vl 0 3 clC^&£*U f^>I107catf 

0 3 cfccfclf^VS'yiM KM 10 8c afr6«y 
— h«Il 13ct NS!t£«Jl 1 0 6c^tf^> 
S/U*-f KM 10 8c bfr6ft*V-X • Fl/^^W 
116c (B7 (b) ) o 

[0067] mzm^r, ±Ef»i. m2(ommmtm 
mt^zz/m i o 9 cts*um>m i o i a c 
^«R«tcx^^>m**ft. mmsmmi i o, n 10 

(C) ] o 

[0 0 6 8] ±B* 3 ±KSS 1 O^ffiffilO 
CMOS h^>^X^^<DaffltCj*LT«±IB^10* 

T&£o 20 

[0 0 6 9] £tt*->U 3>MX^— 9" 1 03O 

SlSfecfctfSiff, ^tti^y 3>IX^ 103cO 

1 5 4 <DMJ¥, Unvll 5 4c ©JK», fiftS/ 

'jn^iiosc oif, Kft^ y xi 1 1 

4cCDS2, N Wtl 1 0 6 cOJS<&<D8SS, 
Il07c <omm, UWFI108ca <DM 

m. f-ttz/fW'f fii o 8 c b(Dmm*s£zfm{ti- 
[oo7o] ^»«BoisiJixs<o«tswKffiHr-« 

SBI8*3<fctfBI9.*#8g-r«fc. 4 co^ss^j 

[0 0 7 l ] $t\ ±E* l <0*MMfcratt®7*8;fc: J: 

2«;Wg/S**U COy-KKftMl 0 2^I±^ 
l OIIT^^) 3 0 0 n mgft<DJS«fc 3 5 0 n mgfi 
O^iH (y-hg) i:*W-rs^S^yravK^*- 40 

^10 3 tfBf£2tl%o m 2 OIST'SS 7 0 n 

mgjs^ii^st^ (sio mtiyv^>m \ 04 

^'J3VH 0 5 d&cfctfS4<DM/PT'&£ 6 Onmi 

fi<oiw*sts (S2 <d) Kft^ynvaai 2 4 d 

C VDffitCcfcO^ffifcW^JB^n^ CH8 
(a) ] o 

[0 0 7 2] #IC, CHFa ^tCOffXtOfi^ 

fts/y3>«i 0 5 d^ffi^aa-rss-eHft^y xi 50 
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*y*) £tu KfbS' y xi >IX^- 9" 1 3 4d#ffM£ 
*l£ 0 C (Dibits' V 9* 1 3 4 dOSJ«, 

e«s*aavu =j»k^*— > 1 0 3<dmjp*c3?l^ 

(18 (b) ] o 

[0 0 7 3] #lc. CHFa #X*5i:t;s Fe ;tfX£:x 

0 5 dtfSMWcx<y^^y ^ (820X>yf;^y« 

sh, aft^u=a>«^— y-i 1 5dw«sn« 0 
isis/unyi/^-vi 0 3(ommitcm^\ mt^ 

y 3 yix^-it 1 3 4 d o±«tt, gft^ y xi vix 

^—9" 1 1 5 d <D±*S<fc K> , 5 0-n mgill^ItC^ 
§ (18 (c) ) o 
[0 0 7 4] BtfCHFa #X £ C O # X 4: OS 

^X^xyf^ ^X £ L fcUttx *y V ^tc <fc 

0, Wb>U3>Ii04d f IMt^U y 

1 3 4 d *«£<[«*- K&fbKl 0 2^I»X7f^ 

(§S3<DX *y^/W £0 £tl£o lOX7^7^ 

»ft^y ^m i o 4 d tmitfv xf^mx-< 

— 9" 1 3 4 d t^tn^ri 1 0 0 n mgjgOiS£ fctfx 
yfy^Stl, BtSOU^ TS§ 2 7 0 n migOl$ 
^BHbS' 'J 3 VKX^-t 1 14d^200nm 
SfiOlBi$**"r«Kft5/y 3>IX^-«9" 1 3 4 d a 

X-<— 9" 1 3 4 d aOm fifb^y 3VIX^- 9" 
1 1 5 d£>±«g<fct> 5 0 nmgSffi^fiilcSSo * 

fc, BKb^y 3>lx^- 9- 1 l 4dO±«tt, ^fb^> 
yn>MX-<-+n l 5dO±iB^t>m B B ^U3> 
W^2-> 1 0 3 <D±ffi<fc 0 , **VPft 100n mgjg 
fe<fctf3 0nmifift^ffil[C$« o SI^T, ffjpttfffi 
^<0S*^6. 1 5 /imSfiONSMl 1 0 6d« 
l££ftS [0 9 (a) ) o 
[0 0 7 5] ±fBfB2<DH3Sfieykraa07S^Cj; 
0. ¥SS:gB^C*5V>T»5OKffT*feS8 0nniSa[ 

Of^yli^B^Un^W-y 1 0 3 £<D»ftt 
MB. 5 1 OnmiSt^o Bfl^T. ±f Bff 2 OlUfifc 
CTi:raaiO^X^SfWc«J:0, _Lffi^#>MoaEtc 

ymi 1 9d«^n, ^^11 1 7dAWtl 
3o 3IS8c^T, ±fB^2 0^Sa<?iJ^(Hl1iO^>^Zx 
-MSSn, 8 OnmlfiOlISftSf^^^'J 
^FI108da, 1 0 8 d b^JBdtsn. ^S§Hr> 
ya>I;^-> 1 0 3tf2 6 0 n mtg(Dlf%Wt 
§^*£ B ^>y 0 3 dlcSftSft, ^-^ 

>->y-9--r KM 1 0 8 d a tmit^Zym l l 9 d £(D 

miazT-zi'm 1 1 7d a^afi^ti. ^-^ v^y-9-^ 

KM 1 0 8 d b ^^ft^^^M 1 1 9 d fcOMfctt*-** 
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uym^z—y i o 3 d*3<fctff-^>->u-9->r kk i o 

8d a*^45y-Hil 13dt, NSJJMWB 1 0 
6d^tf^yv";^ KKl 0 8 d bfr6**V— 
X • K W>S«1 1 6 d fcffjglSSftS (0 9 
(b) ) o 

[0076] w^t* ±ie* i (Dmmmmommco^m 
tc<fc*9. mt^-zymx 1 9 d, 1 7 d, i 

1 7 d a, 1 1 7 d b tfS&WlCX y f-y^£Sn, 

jesitKisKi i o, ziz/*>7 bn*>&u&mmsLi 1 1 10 

tfflgjSStt* B9 (c)) 0 

[0 0 7 7] ±fBfg4 0*fig#Jtf. ±8BS 2 <D*SS»jO 
*rrsa&S**iLT^£o ££^#^#Jte±fS!fl2co 

-;1/*^«*»7?±E»BJIS/U 3 1 0 

3£rffl?^*://!l 1 7 d k±IBNl?S£»* 1 0 6 d CO 
SI^I-5f^>Il 1 7 d t*W8i-?Z>tctb<Dm<t7- 
2>M\ l9dtf, 3{fc-> "J a ylx-?-^ l l 5 d 
ftlffifcWfc^y 3>M^— * 1 3 4 d aOWffifcfcJB 

[0 0 7 8] &*5, ^ISS'>U3>I^-> 1 0 3 CO 
lia&fccfctflRJl, W^V^yl^-yiOSdO 
MM, WfcS/Un^il 0 4 dOlU, Sft^yravK 

1 0 5 d ©SWP, *ft*>y 3>BI 1 2 4 d (DKff f &fk 
^'J3>I^- 9*1 1 4 dcOiS£, NSffitl 1 0 6 30 

dogmas*. f&m&&T*<D*#>m<Dm&, 

>"J^FI108da«H, ^^>'>Uit^Kflil 
0 8 d bOIKJW3J:tfa{t^* 1 0 9 d OMffSlte 
IBLTti. ±IHS4 0SfeJS«^JE«Lfc»ffl[U:IBffi*n 

[0 0 7 9] ±IB»l-»4<0*«ffilT?«. ^ISft^y 

m*#—z/<omm &-b&) <t?) '> 

>fc^^>iBfco»«ffl^ea->y 
mmb cy-hft) *ois<«*iiifl«co^riBwr«o 
[0080] ¥W(*«Hcoiaitxso«swwfffiiaT*fe 
*h 1 0. h 1 1 *5<ttfH 1 2&&m-?*£. *mn<D 

[0 0 8 1] PS^U3>iS2 0 1$ffiO*? 

§0 C(OPS->'J 3^S«2 0 1 gtffiOf^ffM^lc so 
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&{fcl§ 2 0 2 tfMJnSo 4 0 0 n mllficOgi 

O^ISi^y 3yI*VW-->'^nt, 3 5 0 nm 

1 OKjrrSS 1 0 0 nmgffi<DMJ5*r*rr* (|g 1 
<D) »{fc^ »J 3 V« 2 0 4 a *«*±ffifcUB«*n* 

Hi 0 (a) ] o 

[0 0 8 2] CHFa ^X^CO^fX^Oig^ 

*U Kft^y 3>I2 0 4 a:fc<fctfy— h&ffclK2 0 2 
^tR6fyCX>y^;W^ (^l<DX>y^/W^) 
- 4 0 0. n nvBtffiOaE***."r«»tS/y 3 >I7^-U: - 

2 1 4 a*mE<*n*o J»»ffc^fifi*tlS^it), ±ie 
^ttas/y 3Vl/^-V2 0 3 atigf 2COJU*T'$>£ 

3 9 0 nmg£OBM*^S£Jga->y 3 

y20 3 aa«^n, C^ B S 0 >"J3>I/^- 
> 2 0 3 a a OgffitCii: 2 0 n m§J8<0)gJ¥**rr£ 
(^2 CO) Kfk^yr3VK2 4 4 a a^JBfiR^n. 

h@£{b§i2 o 2*^56*tifc±EPa!'>ya>iSS2 o 

1 <03tffilCte 1 0nmiSOl»^t5 (»3<0) K 
ft^y3>M2 4 4 a b#JB/£<*ft£o !7* h 

US>X h!2 5 1 a#»*. fl5/£2ft£ [B 1 0 

(b) ) o 

[0 0 8 3] C(07t hU^M2 5 1 a#K#£B 
9WfiLDB<DS 3©xy^y> coStC_tfS^f t S/ J J 3 
>I2 4 4 a b*COXyf;^*fr6fiHitSCi:K 
SSCt^S, C07tM/^H2 5 1a©±ffi© 
W*jWMffc:<fc&-rJ9— «t546tf, Cco^^-hU 
yXM2 5 1 a^SMt^'J3Vl2 4 4 a a (Ogffi^ 

OS2W^f;W^4«<C^S5o LfrL&tf 
5, CC07* hl/^XMK2 5 1 a <9±E<Dig£3Wim 

Xhl251a ttKffcS/ 'J 3 >K 2 4 4 a a COSffi^S 

[0 0 8 4] ^tC. CF 4 ^X^0 2 ^X^cOjg^^X 

fcfe»ft3/y3>«X^— *2 1 4 aCD±S^H 

ffi-r*£T±fE7* hUv'X hJK2 5 1 a*WJWfcx 
yWvir (S20xyf^7^) £n> 7*M/^X 
H2 5 1aatf8ISh«o i^t> CHFs 3J7k 
CO^Xt (Dffi^tfX *x y ^ > ^fX t L fcS^ttx 
•y^^tffTfcfrtU *tt»^y 3>K/^^->2 0 3 
a aO±cB^^cSa*r§STKft^y 3>I2 4 4 
a a*J:tffl!ft^y 3VlX^- 9*2 1 4 a ^StRW^c 

•J3>l2 4 4 a a*^^tu|^£Sn, RftS/y3>« 
X-^— 9" 214ati380n mSfi(DS;*«:^-rsffift 
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^'j3ViX^-1j-2 1 4 a a»C$»SftSo C 
F< #X£0 2 HTstHz HTstKDm&U^lt^v^ 

12 5 1 aCD^v^^v Zlc5\%ffi\,^TmtisV^>m 

2 4 4 a a^tfSlb>U3>'lX^2 1 4 a OX 

t^'uK^ (^2^5^tf^3iOX»y^^y ^^r 

±3SO<J:-9tc x 7* M/^XH2 5 1 a<D_tffi 
Oil? 2 ^itm^ cfc £ *f ^-K T £ C £ tctb, C 

[0 0 8 5] #IC. (±E7*M/^XhR2 5 1 a a 
lo^tfSffc^U^VlX^- 9*2 1 4 a a^X^tcL 
T) SfbfcfR (HBr) ^*i7fvmtL/£S 

^ttxjsi.^-ir.fcj: *> . ^3£Hr> U n -v. 2 0 

3 a a^31tRWtcx»v^/^^ (S4(Dxy^7^) 
Stl, S3 0lft^§ 2 5 0 nmS££>JRJP#*-rS 
^>^yl;^->2 0 3 a b3b«Kn«o 
ffcS/<j3Vi|X^— 9-2 1 4 a aO±fi8fci\ CO^JSS 
v"J3>I;^->2 0 3 a bO±ffict*9 1 3 0 nm@ 

KiS^ffiMlefc* CUll 0 (c) ] o 

[0 0 8 6] XIC, 7* hl/^Xh!2 5 1 a a tftfijx. 

micm 4 <om»T*$>%> son mssoisff ssft 

^'J3>i (H^*-f) ^JBfigStlSo CF 4 #X£H 

V ^#X £ L/c g #14x >y ^ > £ D . jilBSI t ~> U 
3 VKtfSftWlCX*;/ 95(DXyf^y ^) 
£ft. HMfc^UavBlX'*— ■ 9-2 1 4 a aOWs^U 
3V&^->2 0 3 a bOffiflOffiflffilCte 1 3 0 nmg 
fi<OBfS*W-r*Sft5/UnvBiX^— 9-2 1 5a atf 
ffM£ft, ttft^U3>BlX^— 9-2 1 4 a a««| 
Ofl0ffitett3 8 0 nmS^Ofli^^-rsSft^U^^ 
MX'*— 9*2 1 5 a b*WM2ft3 [0 11 (a) ] o 
[0 0 8 7] #tfc. *«i'>U3yi/W->2 0 3 a 
b, »ft^U3V«^— J 9-2 1 4 a afccfctfgftS/'J 
3ViX^- 9-2 1 5 a b^^VX^tCL/cA s^^" 
>i£A§£J:0, »*©»*««0- 1 5/imgjgON^ 
ffitfcg 2 0 6 a tfffM£ft£o NSai 206 

a<DJB«(i. 7*KU^XH2 5 1 aa**l»5&*tlfc 
jSfg^T* -p c 1 t> So ±fBS 4^X7^ 

•y * t mffiCDJimc <fc £ g! 6 Ox *y * >y * tffr * t> 
ft, ±fB^S^U3>K/<* — 0 3 a b«±ffiO 

T*. ^O0fSOai*-e*« 5 0 n m@gO}££<D[HJgl5£: 
^S^ISS^U raVK^*--;^ 0 3 a ctC^gl^ft 
S (01 1 (b) ] o 

[0 0 8 8] &:Jb\ ^ B B B ^'j3yl2 0 3 a c tC^S* 

«a<*??1tx»y^vyT*fe<fc^o 4 6tC**3, i!5<D 
X7f^7^^CHF 3 ;tfX*5<fctfS Fe #X*X*y*- 



> ^ # X i: L H;£14x y 9- > ?\z <fc K> fx * *>ft 5 ft 8 

&\ L^6(DX7fA7^»T^^ 0 COtl^tC 
Jg/£2ft£ 2WEk<omtisV 3>IX^- 9-0^^ Ci, 
Ztl^timtis U ^ VHX^— 9" 2 1 5 a a, 2 15a 

^U3^i2 4 4 a btc £ ctl^x^^^y^tD 
IBtCNfflJt«»2 0 6 a CfeL<«PfflS/U3VlS«l 

0 1) OWfiBSnSo 

[0089] m5<ox.y^/%y^tmm<D^m^ 

10 &3gI7<DX*y^/^y gffcv'U n >JiX^- 

•9-2 1 5 a a, 215a btfl»£?ft5 0 ££>S 
Hr-ett»ft3/U3>«|2 4 4 a b^BT^/c^K (* 

^jffi0J*P***;l/S!©MO S h ^ >^X # Lfc 

- - i^.T'fe) .-WbS/U NS7?SSfte - - - 

tf. ^K^JzDSft^U^^JiX^— 9-2 1 5 a a, 

2 15a bOI^S^fTft^So S?^T, (±IB§I3<DX 
^^^^y^iilRl^c) CHFa UXt CO JSXt<Di&& 

^X^x^f V^Xk L/cgMX7f > Wff^t* 
ft. Kft-> U X3 >lX^~-t 2 1 4 a a*3«fctfKftS/U 
20 n>"^2 4 4 a b^SJR^tCX^y^/^^y ^ ($8^)X7 

^7^y^) ^ft^>o cfttcJ:D, KfbS/U3>HX^— 
•9-2 1 4 a a«BrS<OS?T^3 7 0 nmggcOig^ 
*Wr«Kft->Un>RX^— 9-2 1 4 a b(C^^ 
ft. KffcS/ U3>l2 4 4 ab «l»£^ftS (0 1 1 
(c) ] o &*3. ±SH^S^Un»»^^^ — >2 0 3 
a cOB3a©HfH<0»*H:. ffiftv"J ^ yfx^- 9* 2 

1 4 a b<0±ig^ k^ B s B '>U 2 0 

3 a b (^fiA^ U ^ VK^*-V 2 0 3 a c ) 0±ffi 

30 [o o 9 o] mc^ ±mm 1 commmtmmoyjmic^ 

k> . ¥s*8P»^*>v>T^ 5 (omm-e&z 5 0n mgjg 

£Dlf^t^f^yl2 0 7 a Affile ffM2ft£o 
^^>M2 0 7 a fc*«*S/Ua>il^#— >2 0 3 a 
c fc<0&tt(B«\ 5 5 0 n mgtt'ftSo >M 2 

0 7a«ST*§) ^SOM/Pti:, (ffiffc^U 3>K 
X^— 9-2 1 4 a bO±MBOK^T*feS) ^Ol^i: 
(^£ H V> , Jn>I;^-y2 03 ab (^S^Ua 
>I/^->2 0 3 a c) <D±ffi<OiSfSt?feS) S3 0 

y^*^ y itfcoeg SPOBHtc <t o ar ft s 

m\2 (a) ] o 

[0 0 9 1] ±fEfg 1 <0*fflffjfcrattti:, 6 5 

OtT'3 0M^7y77x- 8 5 0TTM OfcMffl 

O^ja^tCj:*), 8 0nmiS<Dii«StS?^VS/ 
'JWFS208 aa, 2 08 abi:20n mgJgOM 

m^-rzmt^zismz o 9 a fcavB/s^tu ^uss 

so S/ij3>H;W->2 0 3 a c(iffV^gf5^2 lOnm 
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mm<Dmm*^*tz> ^iki/ v ^^m'*z-> 2 o 3 a 
dtcssian. f*yi2 0 7 aa^aa*n«o cn 

^S^'Jayi;^- >2 0 3 a d^J:^^- 
'JIM K«2 0 8 a a^6ft§y-htS2 1 3 
at. NSltftB 2 0 6 a feitff * >5/ 'J KI 2 
0 8a b;fr£>3:£V— X • 1 6 a fcft^Jg 

[0 12 (b) ] o 

[0 0 9 2] ^c, ±IB»io**«fcra*k:, 

I2 0 7 aa £3{t:^*>^2 0 9 a H 2 Oz 7j< 

(NH< OH*An*SC£fc&£) lC&*)MiR#llCX.y 

<DBf&. mmmt^m cmcp) K^^Hc/miffc 

-**C-*t)s ■B«SBWI!24.0 3Wg«*tlSo V-X • K- 
W>ffiiS2 1 6 aWca-r«n>^^ h7LAWa*6J» 
12 1 0fc«J«*tlfc». mtf^^VlSfcS^^V 

&3&fiBEfcg2 1 ltf«a«n« CHI 2 (c) ) o 

[0093] ±iBm5o^]5g0ij(i. ±tsm 1 commmco 

^>fliX-<-^2 1 4 a bO±i8i:W 0 ^U3>I^ 
^->2 03 ab »eS'>U3>I^->2 0 3 a 
c) (D±mt(DM2<Dmc1tiLri^ ±12311, 35 2*5 

J:tf»4 0Has« (*tt«^y3>«/<ir-yfcjtjgfc 

CMO S h^VS'X^CQjg/Bfclfcf 

LTti±flas3o^s6i»j^Riaoa***'r5o a etc 

£fc, **Jfcffiltt. ±ESi~» 4 

«HX^— U-*«ft-> U nylx^-U-(D»j!)^iiS 

[0094] &*5. y- hmm 202 <dw»,- 
•>y n v 2 0 3 a<Dmm$5&zfmm, 

^y3>I;^->2 0 3 aaOHS, W^'J^V 
I^->203 ab«j| t Kft^y ^>M2 0 4 a 
©Mi¥, ffift^ 'J^yl2 4 4 aa ©SiiP, BtffcS/ U ^ 
>!2 4 4 a bOlS, ffifk^y 3»gX^— 12 1 4 
a b <D^£, ^fbv' y ^ 9" 2 1 5 a a Ofli 

J». Sft^'J a>RX^ 9-2 1 5 a b^Oll, ^*SJI 
^U3>I;^-y2 0 3 a cOIHIgPtO^, NSjffitfc 
I2 0 6 aO8^^, W^«2 0 7 aOlf, 5 

>^ , 7'--;KDigfii3cfctf«FFA ^*>^yit>r F«2 

08aaOflIJP, f^»'J^Fl20 8 abOlf 
*5cfctfg{t*-*>K2 0 9 aOJMPSfcHLTli* ±E 

jus tmmmicnZMLtz&micmfez ti% totti4 

[0 0 9 5] ¥W(*«E«OHitxao*3S«BfBSBIT* 
SHl 3. H 1 413*^ 1 5%#Bg-r^2:. 



30 

[0 0 9 6] *t\ ±ES5©*fifi«li:l«iaiO>3jitc:j: 

psa->y=i>»«2 0 i<o«ffi«cy-h»ft«2o 
2i?^jg«*n«o coy- h»{fcB2 0 2 ©sate. 

3 5 0 n m@g<D»I hg) t 4 0 0 n mig© 

■*«rr***s»s/y3>ii (H^-e-r) tfffM^n 

So ±mc. WZ 1 <E>WJST&S 1 8 0 n ml^If^ 

10 n. c ogft y ^ >i t y- h ifti 2 0 2 ^ 7 

fs^y? (if 1 Olyf^y ») £tU 4 00nmgg 
OB**Wr«Kft^y n>ix^- 9-2 1 4 b^JBfiK 

.. gi/'J. nyl;^-y«l2 Oil 3 9 0 n - 
IHSStS^fi^'J 3>K;^->2 0 3 b alz^ 
CO^^U 2 0 3 b a<Dg 

ffit:ii2 0nm8fi*I»*tt5 (S2©) IMfc^y 
3>l2 4 4 ba sWB«;S*U httffclB 2 0 2» 
£**l/fc±EPS!$'y ^>S«2 0 1 Affile ti 1 On 
20 mgJgiDM/f ^rWTS (§I3<D) Bft^y n>^2 4 4 

ab^M?n§o ^$£i>"^yi/^-y2 03b 

a IS&ZfMiti/ y n vKX'*— 9* 2 1 4 b^X^cL 

fcA so>f^>aAi?WTftt)n. pgh>y3>gjK2 

0 1 5 |imgft©g^i?^t5N 

£!ttfKJI2 0 6 b«^tl5 [H 1 3 (a) ) o 
[0 0 9 7] ±HB»5 0im«fcra«0^rffi»i:J: 

±ffilC7*hU^H (H^-B-f) #S£flJ, ffM 

Sti, 7* h 1^X1-112 5 1 b atfSi 
30 "TSo Hfc^T, Kft^y ^>I2 4 4 b a*<fct«ffcS/ 
'J3>lx^-t2 1 4 btfSiRWlCX^/W? 

3(OX7f/^y^) £tu *s B B B ^'j3yi/^->2 

03baO±itfBUi*n, 3 8 0 nrnggcOl^^t 

■r*»t^y 3>ix^- 9-2 1 4 ba«?ns 0 

»T*»5 2 5 0 n mgSOlf *Wt $Wb'> U ^> 
i^-y2 0 3 bb^aiSn5o Rft^U^VlX 
^--9-2 1 4ba<D±m*. CO*IS»i/'j3^W 
40 — > 2 0 3 b b ©±ffi £ 0 1 3 0 n mSftMlMftBlCfc 
S (HI 3 (b) ) o 

[0 0 9 8] ±ES5 0^SSffJf:l^«^j5E^J: 
tK 7* h l^X h§i2 5 1 b atfCh ^X^lCfc* 

on mmm<Dmm^T^m^>v^>m (H^*-r) 

•9-2 1 4 b aW 0 >"j3>|;^->2 0 3 b bO 
WJOWJffitcKi 1 3 0 nmgffi©HS«r*rr£3{fc;S/y n 
so >IX^2 1 5 b a«l*ih, fift->yn>IKX 



(17) 
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•^—9- 2 1 4 b a <DM<Dm<OWmfolt 3 8 0 n mgfiCQ 

iS^*^*rs^b^un>Mx^— 9-2 1 5 b btmni 

2ft3o S&lc. Rft^UavMX^— 9-2 1 4 b a. 
BfbS/y 3>BI2 4 4 b bftJ;tfSfl:S/yxrV«X'*-- 
+T2 15ba. 2 1 5 b b*vx^tcLT±tB^3BS^ 
U3yi;W-V2 03 b b^l»xyf;^y^ 

C^|g B B ^y3>I/^->2 0 3 bb 

soDfl«*w-r«^ttas/y 3 >2 o 3 b c 

icgj&sn* (ii3(c))o 

[0 0 9 9] ±fEgl5 0^fig#J£f^^ g*7 CO 

..... , .Xy.^7^tC<t Dgft^U 3^IX.^»*2-1. 5 b- . 

a, 2 1 5bb»S^n§o **3*^ffifl»J(C*5l/^T 
fc> COgPBT*tt»{b^y 3>K2 4 4 b btfSB-r* 
/c#>, (*^Sfi0!l*P^-v*;bSJ(OMO S h^v^X^ 

T-fe546tf, l»«ffitcJfct)gfbS/yr3>HX^— 9-2 
1 5 b a, 2 15b bt0i^tf4x.S o Si^T, ^{b 
^'Jn>I^-^2 1 4 b a&^t/gSfb^y 3^12 
4 4 b atfStRftlCXy^yW^ (S8©X7f/^v 

^) ^n^o cntc<£^ Kfb-> y 3 ypx^— 9- 2 1 
4 b a fim^oKs-efes 3 7 0 n ma*oafs**-r 

*llfb^y=i>MX^— 9-2 1 4 b btc^Sl^ti, ffifb 

>"jnvi2 4 4 b b»i»s?nSo ±mmz<D 

EfcSltfNcfc^T^ 5 cOBiff-e&S 7 0 n mgfiOJB/p: 
*Wr«^»H2 0 7 b«Jtl§o ^>I2 0 
7 b fc^tSftS^y 3>m'*& — >2 0 3 b c 
M\ 5 2 0 nmSJgtC^^o HfbS^'J 3^17^- 9" 2 

1 4 b bOfffi^tt^CO^Vj^ 0 7 b<D)Kff« 
BE 4? 7 nmgjg (¥a«BT*O)HJP(0 1 / 1 OSfi) V2> 
2>o COWVI2 0 7 bOUP «5«I) M\ K 

fb^yavMX^— 9-2 l 4 b b<D±«4:*ISiiS/y xi 
>I^-y203bb »tt»S/y 3>fl^£— >2 
0 3 b c) ^Iffi^^il^Oi 1 (=m£0^2-§l3cD 
HV) <fc9»^c£*W£:L^ CHI 4 (a) ] 0 
[0 10 0] ±8BS2 0^fiS»Ji:raaJc, 3 5 0 

TgKOSjg, 1 3 P agfi<DEE*j<Dt>fc-e. N 2 #X 
tNHs tfXfcOig'&itfXfc.fcD. f^>!2 0 7 bO 

mr*$>% 2 o n misoif^st «sfb*-* >m 2 1 
9btfMsns 0 s/cco^x^fb^^o. *z 

>§|2 1 7b«It§ [HI 4 (b) ] o C<D^^> 
12 1 7 blC&%&m&isV^^m'S&—>2 0 3 b c 

2 0 7 bOJgti* ®5 0lf) M\ *is»s/y=i>«/< 

^->2 0 3 b c<D±tZ\H}&<DffiM<Dm2£mit^#> 
12 1 9bcr)M/P (3S6<OJK») h<Dft&0&^C£tf 
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[0101] ±&m2<D$mmk.mmic. 6 50 

tt^OW^y/Tx-;^ 8 5 0tTM 0»HO 
^ >-/7xi-;l/i:^T;bxfVt b < ti'Mj ^A#ffltt* 
IK#tfTftfen*o C <Dj&JQSfc: <£ K> , 8 0 n mggcol 
»***r«^*>^y-9--r KIS2 0 8 b a. 2 0 8 bb 
*^fi8Stl, W B '> J J3>I;^->'2 0 3 bc^2 

1 0 n mgfiOif^tS^eS^'J 

2 0 3 bdl:f^n, f*V>y^Kl2 08 ba 
10 fcg{b*-*>K2 1 9 bh<D?3\ZiZ?'Z^m2 1 7 b a 

vs/y*-f F»2 0 8 bb tmit?-* 

>I2 1 9 bfc<Dffllc 2 1 7 b b*^H*n 
£ 0 CtllC&O* ^g B B H ^Un>I/^-y 2 0 3 b d 
• - --*±tf*.*>S/-y-9vf F«.2 08 b a*^6***^« 
I213b^, NS1£»«2 0 6 b*3«ktf^^>^y-9- 
<Y HH2 0 8 b b^&45V-X • K l"f>W*2 1 6 

bfctfjgfigsns (ii 4 (c) ] o m^r, ±ibss5 
(DmmmmtmmcDjjmc&o, matmm2 1 o, 3 

>ZZ hTL*5&V&mWZffi2 1 1 [0 1 

20 5] o 

[0 10 2] ±IES 6 ©*8S0Jti\ ±8ES! 5 O#iflS0J<D 

[0 10 3] ft*5. ^JSSv'y >2 0 3 b 

aOttH^J:tfiW|C t ^tta^y xi yI^^-^2 0 3 

ba(DlI, ^BSS'y xi>K>^*— >2 0 3b b£)M 
». Ifcft^y 3>IX^- 9-2 1 4 bOBIJP, WtitfV 
3>i2 4 4 ba©I», Kfb^y 3>K2 4 4 b b(0 
H«, »fbS/y 3>IX^- 9-2 1 4bb<D^2, ^fb 
30 is y XI ylX^-9" 2 1 5 b a <£>MfP, ^fbv' U xf >M 
X^— 9*2 1 5 b bcD/SJP, NSffl(i2 0 6 

&t6&isV uz/m^Z'- V2 0 3 b c<DW%fr<D 

mz, rz>m2 0 7 bvmm. y^x^mtcD^mis 

y-9*^ K«2 0 8 b a<Dmm. ^»U^FI2 0 

8 b b<Dmm$s&zfmtm>m2 1 9 boMffv^n 

[0 10 4] 

1 <o^*v>y^ Kisiitfajisnfcy- 
nfc*e»)Bx^— - 9-«rwrs-9-y-9-^ fusb^mo s h 
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■9-43 <fc » 2 OjftJIWX-^-U-^ 6 £ 3 SBJUSi* % 

[0105] ±E#Bt±^w«^6, y-F««*a-r 

U*-r Kft-rstclBLT. fgfitafflTfe^C 5 4lfti£cD 10 
y*>rFIBi:*PBT£E«*>\ ±Ett«l«^^— 

[ISOffii^] 20 

im i ] *5bb<d* i (D^mmcom^mmmmr^^o 
im 3 ] ±mm 1 ©*»j<DSjSxgo^sw»fM^T 

m 4 ] *«8i<Z)iB 2 0£ffi0V0S£XS<atti£ttlVrfi 
[0 5 ] ±XSm 2 ©SBWMOtliSiaofltiCWIWffiHT? 

CB7] ±is»3o*M«o)Hjexac)«a«»fffiHT? 

[Hi 03 *»W©» 5 o*««lo8BSiio«awilr 

[Hill] ±ESS 5 SH«<DHitXSO*a«»fffiH 40 

[112] ±ib» 5 ofmmvwmjMnmavmmn 
[ii3] *aw<os6o*tt«oBjaxa<o«s«»F 

imi 4 ] ±BE* 6 0*fli«©H3tXSO«5SW»fffiH 
T&£ 0 



ch 1 5 3 ±tE3§ 6 (Dmmm<Dm&xMcDm ^mmmm 
[hi 6] «*<D*«f*«B<DHJtxao«awwfffiH 

[ii 8] '&&(D*mfomw<DmM&*mw?%rc&<D 

1 0 1, 2 0 1, 3 0 1 PSv'Un^Slg 

102, 202, 302 y-hwntm 

1 03, 103a— 103d, 2 0 3 a, 2 0 2 aa, 

2 0 3 ab, 2 0 3 ac, 2 0 3 ba, 2 0 3 bb, 2 
03bc, 3 0 3, 3 0 3 a WaV'Vnyl/^., 

104a, 104c, 104d, 124d, 154, 1 
54c, 2 0 4 a, 2 4 4 aa, 2 4 4 a b, 2 4 4 b 
a, 244b b, 304 BSftv'U n 
105a, 105c, 105d gffcS/D rn^lR 
106a— 106d, 2 0 6 a, 2 06 b, 306 

N940RJI 

107a, 107aa, 10 7b, 107c, 107c 
a, 1 07d, 117b, 117ba, 1 1 7 b b, 1 
17d, 117da, 1 1 7 d b, 2 0 7 a, 2 0 7 a 
a, 207b, 217b, 217ba, 217 bb, 3 

0 7, 3 0 7 a^yl 

108aa, 108ab, 108ba, 1 08bb, 1 
08ca, 108bc, 108da, 1 0 8 d b, 20 
8aa, 2 0 8 ab, 2 0 8 ba, 2 0 8 b b, 308 
a, 308 b, 308c V<< FH 

109a, 109c, 119b, 119d, 2 0 9 a, 

219b, 30 9m<tm>m 

1 i o mm*mm 
i i i &m$m 

113a— 113d, 213a, 213b, 313 

114a, 114b, 114c, 1 1 4 c a, 114 
d, 134d, 214a, 214aa, 214ab, 2 
14b, 214ba, 214bb, 314 RftS/U 

1 1 5 a — 1 1 5 d, 215aa, 215ab, 215 
ba, 2 1 5 b bSfb^U 3>H^-^— "9" 
116a— 1 1 6 d, 216a, 216 b, 316 
V-X • F 

251a, 251aa, 251ba 7*M/^Xh 
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106a NSiSlfejg .103 
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RMfflsp 8-3 7 3 0 1 



[04] [0 5] 




[0 17] m \ 8] 
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[06] [87] 




lOScb 
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ftm*? 8-3 7 3 0 1 



[B8] [0 9] 




106db 
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EfM¥ 8-3 7 3 0 1 



[0 10] [ill] 
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[HI 2] Kl 3] 




CB l 4] 




(5 1 ) int . Cl . 6 BKjUSB^ Ft S8i## 

H 0 1 L 21/3205 



(25) !tfgg3p 8-3 7 3 0 1 



CHI 6] 



303 V 3 VR/< 9 - v 




302 r- hSHtK 8UPSV9ayME ' 




f i atBa^ffiw 

H 0 1 L 29/78 3 0 1 S 



